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The present

i nventi on

relates to

the anatysis

mepornvnn@f T heE
fregueney of

The present inventimi refaig rEﬂF ot niftbfﬁuency of interaction of two or

more nucleotide sequaqfs in e%&r . Chaages in interactions are used as a
tool to detect genome rearrangemments Tor diagnostics and prognostics.
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BACKGROUND Tom;@g:{mem i de
uences

Studies on mammah cle a.rchltectu:e 10 unders’umd how 2 meters of DNA is
folded into a nucleus of b across, It &\%E accurate expression of the genes

that specify the cell‘t)Sepaﬁ&is is faithfully propagated during each cell cycle.
Progress in this field @']ﬂen g@ Spm iujﬂscopy studies, which revealed that
genomes are non-] rmldOﬁlt a@i)g% E fmei mblﬁ §>ace For example densely

packed heterochromatin is separated from more open

occupy distinct temgﬁgs g thJ'L§Ig ac@SAn intricate relatlonshlp exists

between nuclear poﬁmmtg @Dtl’anscrtnt@al activity. Although transcription
occars. throughout ﬂﬂ%aeﬁefor active genes that cluster on chromosomes

preferentially locate @ 51de of their ch territory. Individual
genes may migrate upbn changes in their transcription status, as measured against
relatively large uuclel;' ﬁﬁzﬁk&a Q gﬁrﬁﬁerlemmna, centromeres or the

nuclear periphery. Nto@vsr,fac@elfy transcribed genes tens of megabases apart on.

the chromosome ca:d;rmatg%xs t:e'mﬁeg as ‘demonstrated recently by

fluorescence in situ hybridizgtion (FISH) for the p- glohm Tocus and a few, sclected,

other genes. Besides™ transcription, iated with the

coordination of reph%n,ogmﬁtsltaxld GeSmbahlhty of loci to translocate
(which can lead to MM@! resetting of epigenetic programs.

Based on these obse 1t1f‘1%1t that the architectural organisation of DNA in

the cell nucleus isa kiy Wﬁmqlgimmnc\mn.
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physical ly
I nt eract
Different assays haveWn (tbvh)pe(a)w insight into the spatial organisation
of genomic loci in vivf Pnag ﬁ fNA- has been developed (Carter ef
al. (2002) Nat. Genet. SE, 623y which mvolves eting of horseradish peroxidase
(HRP) to nascent RNQ owed titation of HRP-catalysed biotin

5 deposition on chmmattp @@yh no | 0 g y
depends on

Another assay that developed is called chromosome conformation capture
(3C). technology, which provides a tool 10 study the structural organisation of a
genomic region. 3C scgjlog thlvB Vxﬁitmive PCR-analysis of cross-linking
10 frequencies between 4v0i g@@ﬁq re@iﬁon B#nents, which gives a measure of
their proximity in thecuﬁeg gTe fwﬁ[) Originally developed to analyse
the conformation of osomes jn yeast (Dekker et al., 2002), this technology has
been adapted fo invm\éme r&onship between gene expression and chromatin
folding at intricate mfm‘)za)gfmﬁtrs Bee, t:r ©ample, Tolhuis et al., 2002;
15  Palstra et al., 2003; aﬂDrisscn et al., 2004). Briefly, 3C technology involves in vive

formaldehyde cmss-ﬂm]'g:ﬁf rf;llf %dtjnuclear digestion of chromatin with a
restriction enzyme, fo]lowed by ligation 6f DNA | ents that were cross-linked into

one complex. Ligaﬁ(;l [roag m&l&mxm by PCR. The PCR amplification
step requires the h@miof@:e seq(ert:e hse'maﬁon for each of the DNA
20 fragments that are tb lbg]iﬁqegm'ﬂms, |3Cﬁechnology provides a measure of
i fion frequencies;t { DNA fragments.
4C

3C technology has btetﬂ&em G lde@giyegactmg elements between selected
parts of the genoma+d| bothttehﬁ'eues Bmthe design of primers for all

s restriction ﬁ'agrﬁentsl a1151y ??ﬁ)ﬁ ne§ strategies have been developed that
allow screening the entire gehbme m an uni iased manner for DNA segments that

physically interact w& ﬁﬂl ﬁLLLe@(Qchob.M'hey are based on 3C technology
and are collectivelytr*e]l@i tct)a‘itcttechtiol@’. 4C technology allows the
screening of the extixqr%ome in an unbiased mapner for DNA segments that
0 . physically interact vtgl a DNA nt, of choice. 4C technology depends on the

selective ligation of ro(sgmél D fﬁjaglggrg 1o a restriction fragment of choice
(the “bait’). In 4C Q}tologg Qlnd 184 fBbhef® captured by the bait in the

si mul t aneous

ly anplified

via | hverse
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anot her,
secondary.
restdction
population of cells aeﬁltyeﬁm amaiﬂd&a inverse PCR, using two bait-
specific primers that ag)%«gl e‘qﬂzé H;ttm'u psydums.

Essentially two strate; Eese cafn ble glslﬁleg toe OQain Lesg DNA circles. One strategy

relies on the formatiol (Q:Ecmusgmiatliard 3C ligation step, i.e. while the
DN is still cross-likN{fo ef al. (2006) Nar Genet 38, 1341-7). ' Here, circle
formation requires boe Iem?s 6 Fleés'é t.'rag.ment 10 be ligated to both ends of a
captured restriction nt. If multiple restriction fragments are cross-linked
together, circles maygazv ﬁ'xrlll ba &e& lcl)&m more than one captured
fragment and will the:Lfo)é ve larder [ N@x 4@ @iking, coptured DNA fragments
are directly ampliﬁarU;f inveﬁrmR,esing bait—speciﬁc primers facing outwards.
Restriction enzymes rﬁo iz gr Q;flxlb § can be used in this set up. Four-
cutters are preferred m this method thor S| they produce smaller restriction
fragments (average %Q U;Qxle:&meﬁ for six-cutters) and linear PCR
amplification of the c@fxed I]NMg@z{ts e@:ts that the average product size is
small. Essentially, ttishla)td thﬁfiaree;omprises the steps of: (a) providing a
sample of cross-linkgd\DNA; (b) digesting the cross-linked DNA with a primary
restriction enzyme — td %ﬁ:r 58 cutter; (c) ligating the cross-linked
nucleotide sequencesI (Merslg ad’ cxgﬁtkmg and (¢) amplifying the- one or
more nucleotide seqw%:i ilelettusr?nﬂéeast two oligonucleotide primers,

wherein each prim: idj: éﬁx&]@A g;i;en es that flank the nucleotide
sequences of interest. The ﬁﬁed jequence(s can be Rybridised to an array in order

' C) oflin on between the DNA sequences.
usi ng at '

The second strategy *dvet&gutly retesmﬁ)e formation of DNA circles after the

chromatin has been deqcross-linked as is_described herein and in our co-pending

application W02007/§105I7. ngesQ&LQIZ%, hnology allows an unbiased

genome-wide search l‘o 1@\ ﬁ@'llen&%ﬁgms yith a Jocus of choice. Briefly,

3C analysis is perfoyfyf @ Jis@] by omipjfe the PCR siep. The 3C tomplate

contains a target ﬂquéﬁgfban’deﬁ é restriction fragment of choice that

encompasses a selected gene) ligated to many different nucleotide sequences of

PCT/IB2008/000625

to assist in d ini

interest (representin; s ehomic environment). The template is cleaved by
hybri di ses
to the
t ar get

cnanliianNnc o =
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another, secondary, rA:rGon enzyme and subsequently religated to form small DNA

circles.. Advantage(tls]e @h}ﬂﬁm‘@ﬂ?ﬁd& sequences of interest that are
hgated to the tan nufleotlde ée(g. algh.ﬁed using at least two
primer hybridises to the target sequence.

PCT/IB2008/000625

oligonucleotide primels, in at least ofe

The second primer also hybridises to the target sequence, such that both

primers flank the nuo@)hlaf 0@ [A1@atifelB € second primer hybridises to

an adapter sequence &A& ligatehto the secondary restriction site, such that the two

primers flank the m tide of] mterest T ically, this yields a pattern of PCR
J 3

fragments that is hi uc1 le b dependent amplification reactions and
specific for a given u‘erI]mitDIlnI ly be used as primary and secondary
restriction enzymes d}e a.mphﬁed fragments may be labeled and optionally

hybridised to an arraiy PY?'P le containing genomic DNA
digested with the s: mbination of restriction enzymes. 3C technology has
therefore been modifit hﬁ@ nu[loude sequences of interest that interact with
a target nucleotide sml:e Gehmpliﬁed. Practically this means that instead of

performing an ampli are specific for the fragments
ﬁ#avr ginds gy

that one wishes to an amplification is performed using oligonucleotide
primer(s) which hybridise 10 a DNA sequence that flanks the mucleotide sequences of
interest. Ad nB is tLt m‘@u@ Iilaﬂstgn of PCR primers that are

included in the PCH Jdnplisg@tiopate yxgqansmfore be used to scarch the
complete genome forﬁafracﬁxlg Iﬁ[éelemenfs.
There is an lmpomnr I&@fg Hg?t@c%m Of y that can icall
screen the whole gempliSl}tblGeh ogbldr foﬁ)ﬁA loci that contact each other
in the nuclear space. t WO Or ITDW

| eoti de

Moreover, there is a need%r lmpmvements in such technologies which permit the

simultaneous analys@glgllakgtgag&&cmlm&th multiple sequences in the

genome, and for altalhe thm@tl 62 @ffrtions, deletions, translocations,

inversions and re: ich take at unknown locations and which may
B e A

be associated with a cfsege

chnol ogy
can he used
to id-‘unify
-1 oog- nmre
DNIA . DINIA
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. TI'T FFEVNT
The present iuvenﬁonl smlm%eétn 3C and 4C technology and

techniqucsmlatedtheAS pect S Of

t he present
ST nvent . .

3C technology as cu% lied only allows amalysis of a Lmited number of
selected DNADNA i3 @8 e@:Che lmifRions of the PCR amplification
step, which requires ktotrlf:@e of specific sequence information for each fragment to

be analysed. Moreover, seledlﬁeMﬁon ra; ts 2s candidates for long-range
DNA interactions m@m h@ Du¥u!1t (ﬁ] gor knowledge (e.g. the location

of hypersensitive sitesa thSIQlL @&%dvlm*l is.vsually not available. Given
the functional relevanigof HAAPIpndA@EPNA-IA interactions described so fir,

the ability to randomlyaCﬁ%iFr % Flwg that loop to a sequence of interest —

such as a gene p silencer, origin of replication or
MAR/SAR - or a gethIl Qgion of interest — such as a gene-dense or gene-poor
Tegion or repetitive eleﬁ; it eﬂ Mm@:’y‘w ﬂﬂ:fapping of sequences involved
inzregiaorynstvory Nt @r act i on

The present disclosure(r)eratets to 4£ tegu[olgy iE. capture and characterise co-

localised chromatin) QUGJm%Qats Il which provides for the high-
throughput analysis oseq‘uetm @feﬁmcﬁon of two or more mucleotide
sequences in the nuchsptceh4C ﬁcﬁn&'agy Grrbs used to identify long-range

DNA-DNA interactions r%e‘rg). rs.tuday chromosome folding) but also to identify balanced

and unbal d rédr - such as fransl ions, inversions, deletions,

amplifications, etc - thaf e} Gnlies@ Oxtitiur&%e in human subjects.
sequences of

Routinely, 4C. technolloghifwémrq ?esute of microarrays to analyse the DNA

fragments captured by a single sefected iatget sequence (*bait’) (Simonis ef al., Nature

Genetics 2006). Micm:(ra% glve the. gvargégtﬁt they offer a limited dynamic

range since probes presg){on tE|FR}s €@n be saturated, which makes a quantitative
analysis of signal unenﬁré rﬁ)bziﬁcub High-throughput sequencing circumvents

| oci)
nonpr i si ng
the steps at
({ A
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optionally
qui l l'i ng one
this problem as it oW ae lTRE Lghm% It is also quantitative since it
provides absolute nuBeR GIBRC €S of

known
In addition, it is prefc 0 aTal TA-i.n jons with muitiple target sequences
'eﬁEQm' aﬁ@b I :

simultancously. This is hased gpphications and in particular for the 4Cf
based analysis of ngQimpru&LaItJ Qinec}mo}ogy may be used as a

diagnostic ool to al]i«v ® sctm*ﬂ@f the entire genome in an unbiased manner for

the presence of genna?vgxian{;mgbl Aeeries of target sequences along each
chromosome that together cap(t_ir: a @em;cs {fe. restriction fragments) may be
S

used. Subsequently, uH)§ego egbmic rearrangement, the sequence that

was captured by whick @ Ssbadicke€ T 1 ON

enzyme

Captured fragments |bi s cpd ﬁmﬁsequmce (‘bait”) separately.

Preferably though, all Yigation ucts el with all target sequences are analysed

simultaneously. For Lhi&hi}d ueetst atlirected to the ligation junction and

provide sufficient senfuelxcﬁrlﬂkaﬁot thl@unbiguously identify both the target

sequence and the captﬁf—f@)en@ r nor e

SUMMARY ASPEC’Q EJ"QX-IE Q{QENIF [g@NTION
sequences of

Aspects of the pi'esemiin‘%oe:le pESSItd in the accompanying claims.

PCT/IB2008/000625

Disclosed is a method(fot allzaltsing e frequency of interaction
of a target nucleotide mfwxjth teyrlmgxl: Jeotide sequences of inferest {gg.
one or more genomictloh Oup39 @ st lof: (a) providing 2 sample of cross-
linked DNA; (b) digeﬁ'ae Wcross-]inked DNA with a primary restriction enzyme;
(c) ligating the cross-linked nugleotide sequences; (d) reversing the cross linking; (e)
optionally digesting th[:-]nlﬁ!:g: idegegl cLs ?.? ‘a secondary restriction enzyme; (f)
optionally ligating on&&qimﬁxecﬁ of Q;fwn nucleotide composition to
the available secondarir rmcteqenexs tigesﬁon site(s) that flank the one or more
micleotide sequences (tfl () amplifying the one or more nucleotide sequences
of interest using at least two ohg leotide primers, wherein each primer hybridises

terse ‘

ol i gonucl ess

i de priners

whorot n aarh



to the DNA sequences that flank the nycleotide sequences of interest; (h) hybridising
the amplified sequence(s) meﬂ}'{ld @ eteermmgg the frequency of interaction
between the DNA sequenceD’\IA D’\IA
In a first aspect, there is pi-oxlﬂ&l ﬁﬁﬁa&t ayial@r@ the frequency of interaction of two or
more target nucleotide seqet}@mrbrie sfpoﬂ jucleotide sequences of interest (eg. one or
more genomic loci) compritinffiémpf. ofz p S of .
(a) providing a sample of cr(ssa-r)(ed DNA4; i
contacting a
(b) digesting the cross—lirﬂ(e%ﬁﬁla Ie?'nawmtcth] enzyme;
(c) ligating the cross-tinked Q.C@O ide sgu[nces;rm re
agents; and
(d) reversing the cross linkiné; - 1 - 9

(e) optionally digesting th E)l’ tldonnl ng stricti
€) optional y dige. ng the nucleotide sequences wil a segOr restriction enzyme;
steps™ra) 'y

t hatn

(f) optionally ligating one @r|m)re D@Af seqltenhsef known nucleotide composition
to the available secondarymﬁh G:dme digestion site(s) that flank the one or

nore nucleotide sequences Ofé'l.'l&l‘%t; 0 r d | n g t 0

(g) amplifying the one ortmheenuclgﬁct sequences of interest using at least two
oligonucleotide primers, w}&@p@(‘p{m?r hybridises to the DNA sequences that

flank the nucleotide sequcnce‘slm' ixﬁrething rmgjtleggz;
1

(h) hybridising the ampliﬁed(se%)nce(s? tcp an arrag zlmdeansalyzjng the ligation products
between target sequences and pcr;s@-bnécl stLnQ g’ interest by means of sequencing (eg.
high-throughput sequencing); FIID SS- | | n k e d

fromthe

(i) determining the frequency o; inveractior between the DNA sequences.
’

Magnin a
differ-rice
bet ween (i)
the trapency
of

i nt eraction

hot wwenoan + ho



Di sclosed is
a nethod fie

Also disclosed is a metha ﬁ ﬁ\rl ﬁ cy of

interaction of -a target muc! sequence wi r more nucleotide sequences (eg.
one or more genomic Io jﬁgmsmg the ste:ps of: (a) providing a sample of cross-
linked DNA; (b) digesﬁifg ﬂ)s@q:u@n]@]ymtofpnmary restriction enzyme;
© igsing o o ey R fjvrine e oo ko ©
optionally digesting the nucjeotide sequences with a secondary restriction enzyme; (f)
circulanising the nucleoigﬂ seq cg, ) nghfymg the one or more mucleotide
sequences that are hgatenm t&e‘t r.tm&ridgagncc; (h) optionally hybridising
the amplified sequenccsm)ue*ayemalifsiaec amplified sequences by high-
throughput sequencing; gdé dﬁrétﬁué%nequcncy of interaction between the
DNA sequences.

W th one or

In a second aspect there ml/ida a method for identifying one or more DNA-DNA

interactions that are mmccf aemu?ar d@se state comprising the step of
performing steps (a)-(1) g{g eﬂ ACCOT aspect, wherein in step (a)
a sample of cross-linked g Vi Q Qcm & diseas e and a non-diseased cell, and
wherein a difference be!Jveemli %ruee:sxmteramon between the DNA sequences

from the diseased and r@igfecd QY V@AQ|e difference in the inar
organisation of the ck FrET émpl@%men&rﬁc rearrangement) , which is

indicative of a particular trait or disegse
= ocT)

In a third aspect there 1s(u‘u‘®xﬁm Eleih(@df ﬁ@sxs or prognosis of a disease or
syndrome caused by Q‘ hsemtes trre p gange in 2 DNA-DNA -interaction

comprising the step of Tning 2)-(i) of the method according to the first
aspect, wherein step (a) comprises lng a sample of cross-linked DNA from 2

WV Ll
subject; and wherein Q;r (QMnlprQJ cr)]]&rm[ &e frequency of imteraction

between the DNA sequé@ D ar € an@fected control; wherein » difference
between the value obmi:eirfrzﬁ gegsr_m'lnl Tndﬁ)kv btained from the subject is

DNA: (b)

di gesti ng

t he

cross-lirdex

t DNAwth a

granary

sati ation

nret mAd 7 A




Di sclosed is
indicative that the suhIacI'}s@lﬁfcuxs'@m t@ﬁiseass or syndrome or is indicative
st i it o St AL
of nucleic
In & fourth aspect, thE‘ré.l 2 method according to any one of the first to third aspects, for

the detection of a balanced and/or unbalanced rearrangement, translocation, imversion, deletion,

duplication or msemots q u e n C e S
fur
Disclosed is a method Wo@ rr Wansﬁ mease or

_ syndrome caused by pr jassociated with.s o in a DNA-DNA interaction
comprisipg the step of: p"tl] ( (@tbs method according to the first

aspect, wherein step (apgiﬁx*estprlwvﬂx@ a sﬁltle of cross-linked DNA from a
subject; and wherein sa@&‘@:{f}:om@ifas ﬂif alnf'em‘] step of: (j) identifying ane
or more loci that have i that is jated with a
EEPt ured
disease.
sequences
- Disclosed is an assay n{eﬂ@@fﬁnﬁfyfngi otetd'qore agents
that modulate = DNADIO) [Bfersion] ueigifgﬁhe steps of: (a) conmtacting a
sample with one or m(ire mts and f’h steps () to () of the method
according 1o the first aspe: whsrcm %'l(a wms providing cross-linked DNA
from the sample; th;E a n&ﬂ]me t&@e&ﬂ e frequency of interaction
between the DNA seq@pfes ml ﬂ% presence of the agent and (it) the frequency of
interaction between th Isef\] - ¥ ths ngcncs ﬁthe agent is indicative of an
agent that modulates th::uDgA—DNA interaction.

Disclosed is 2 method & u@ﬁltha@twﬁ)d Lal)ﬂced

andlor usbalanced resppgeep] @ES REHpEEY cowprisig fie Sep of ©

performing steps (a) f method g to the first aspect; and (b)
here ioand

comparing the frequency ol mteraction DNA sequences with that of a

control; wherein a trsnMM llow to high DNA-DNA interaction frequency in the

sample as compared to Ihe@ftrezf S E msp@ion of a breakpoint.
any of the
Disclosed is a method defecting the location of a balanced
and/or unbalanced inve! Mﬁr (d) performing steps (a) to (i) of
the method accordingftol ﬂg B @&. and (b) comparing the frequency of
interaction between the N/Balenth WE control; wherein an inversed
ENNENMON
25Sui t abl y,

+ho |1 Aat 1 AN



Sui tabl y-,

‘WO 2008/084405 - PCT/EB2008/000625

15

20

25

30

seguenci ng
is directed

pattem of DNA—DNI Qexax.tiohgqucncies for the sample as compared to the

control is indicative o* a.d mgza)tL | O n

Ju n C tions
Disclosed is a methof tﬁ location of a deletion
comprising the steps of ormmg steps (a) to (i) of the method according to the
first aspect; and (b) (& ﬂquency of interaction between the DNA

sequences with that 't aaqug;evterein a reduction in the DNA-DNA interaction

frequency for the samy ol is indicative of deletion.
& BB feEE

Disclosed isa memod%ngctingtégzgﬁoulf a%.lgcation
comprising the steps o8 @waﬂg@e& (a)@ fi) of the method according to'the
Brst aspect; and (b) joopyrprige rthe%ctmnz}byintemﬁon between the DNA

sequences with that trol m altuicrsa r a decrease in DNA-DNA
interaction frequency for ?Je subject samp e as compared to the control is indicative of

a duplication or msemg a a p er

sequences 25
Disclosed is an agent ('bteq wn]bﬁfmélc}ay ﬂf 314
method described herein.

sequenC|ng
Disclosed is 2 methodtor@xalytinhﬁ ﬁem;dts

interaction of one or 1@# tat*t haeotids sequences with one or more nucleotide

sequences of interest c loci) comprising the steps of: (@)

providing a sample of m l! DNA; (b) igesting the cross-linked DNA with a

primary restriction m%%ﬂ@ﬂ&ﬁ §oss-hnksd nucleotide sequences; (d)

reversing the cross Iink&juid te) ad@imaé {he ligated nucleotide sequences.
sequenci ng

Disclosed is a method for f s el rlmi.th ﬁ
genomic rearrangement i nql mg §= 5i€ps of: (a) providing a sample of

nucleic acid (eg. genotuﬂ)NI), hﬁem said nucleic acid comprises a nucleotide
sequence of known sR&ts E\d&ﬂ to the location of the suspected genomic
rearrangement; (b) diggsyi N. i primary restriction enzyme to form a
plurality of restriction ffiglaeFmgr%aﬁunally, purifying the restriction fragments; (d)

bet ween
t ar get

el aYal BN aYaYalalal
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are read

ligating the res\ricﬁo@&&m%o_somtcirt]ﬂaedsed DNA; (e) optionally, purifying
the circularised DNAl (b c@&tg lhealgﬂarised DNA with a secondary restriction
enzyme to form a Fhaiwc{ rfm fragments; (g) ligating the restriction
fragments to form " gircplary N dbe amplifying the suspected genomic
Tearrangement using one or more primers that hybridise to the nucleotide sequence of

known sequence; and ing the susp d genomic rear

mul ti pl exed

' Disclosed is a databasgyf nucg‘@iid 151%1 O@dt

6-50 bascpairs that di an§, ani.;l_rﬁ' n§ysinclude, the primary restriction
enzyme recoguition secox%ry iction enzyme recognition site of each
target sequence. Al €

anal ysed,

Disclosed is a databag«ifjlflclfioi ac& sieq@tﬁtof about 12-

50 basepairs that directly flank all relevant ary and secondaty restriction enzyme
e

recognition sites in the_geggnu enc i
information
Disclosed is the use tle _base i@c]eic acid sequences
for determining the génﬁnlljc éoriﬁg fj facr o&ﬂle c@tged sequences identified.
Disclosed is a meth(xgrran agLrﬂQrU(Ltaeagor aluss
substantially as describ@ bﬁnaqd \ﬁ].edren@nny of the Examples or Figures.
ei t her side
EMBODIMENTS OF INVENTION
of the
Suitably, the ligation relictiorgma% (i:) Q(B]results in the formation of DNA circles.
_ junction to
Suitably, step (h) compﬁlseﬁ? lﬁﬁ/slls Illjabotfgcrms between target sequences
i dent 1t

and cross-linked sequences terest by’meaps of sequencing (eg. high-throughput
sequencing). Yy

each target

sequence and

each

Capt u# ed

sequence of

1 Nnt ar nct
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25 Sui tably,
a transition
fromlowto
Suitably, the method Mr @hiﬂg the frequency of interaction of two or more target
nucleotide sequencesiwiﬂ tnew‘maee{:lefme [epuences of interest, comprising
the use of multiplex Pfﬁ)néeefﬂ enc | es

Suitably, the method Js f§ analysing the frequency of interaction of two or more target
nucleotide sequencesiwim dd m@]&tmicle\ﬁ@ sequences of interest, comprising
the pooling of someoxf all f h éZR products obtained for each of the target )
sequences in step (g) 1% usnt simultanepus alf:lys:.s of their DNA interactions.

1 on
Suitably, two or morﬂmpbaleqalg&aéerenﬁaﬂy labelled prior to pooling
and analysis by hybrigdap@ld airfey-
=bal anc

ce
Suitably, two or more amplified sequences are identically labelled and analysed by
hybridisation to an. @etetlueges reside on different chromosomes.

manangene nt
Suitably, two or moreS{gl.iﬁee salbsie ye 1de1malh labelled when the sequences

reside on the same chrov é a distpice that is far enough for minimal overlap
between DNA-DNA. ini on signals.

pattern of
Suitably, high thmugat%n Wed to analyse the ligation junctions formed

PCT/TB2008/000625

o s s RO

Suitably, sequencmg 1srd.§cgiquhg %zlnoe}am‘mms formed between target>

and ‘m fhe @ interest by the addition of adapter sequences

req\u.red for sequencus ﬂtb jnde)t!,ht amplified sequences.

Suitably, sequencing 15(; aarg)the ion Junctlons formed between target
sequences and capmrg Qmaf merﬁa byt.heQddmon of the complete, or part

of the, adapter sefudR@ redBQ @y seBidne as 5 overhangs 10 the
oligonucleotide primrs usi:d 3 amplify the one or more nucleotide sequences of
i ndi cative

of an

bal anced

nod/ or

imnnhal ancoaAd

interest.
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t he target

sequences ]
Suitably, sequencing&rdﬁcteds‘e.lle &G& ﬁldons formed between target
sequences and mpnnv‘keqtehc%wﬂ by the conjugation of a biotin sut

or other moiety to nde primers used to amplify the one or more
nucleotide sequence: of interest, followed by streptavidin or otherwise mediated
iaion ot o K 2MEG GE 0N

the | ocation
Suitably, O«f dv the ligation junctions between target sequences and
captured sequences of mterest Zﬁéﬂm oligonucleotide primers used to

amplify the one or more within 400, 300, 200, 150,
100, 90, 80 70,60, 5K, 40, a)ﬂdm ak €s. 5,4, 3,2, 1 mcleotides from the
primary and/or seoon@pa@e dzyu:srwhm site(s) analysed.

’ t he
Suitably, sequencing is directed to the ligation, junctions between target sequences and
captured sequences Lf mtlte @ngtné t[! gigonucleotide primers used to
amplify the one or nﬁ&qﬂe ﬂﬁ@sof interest such. that they pama]ly or
completely overlap v@@v@r’y an&:r T dary restriction enzy .
site analysed.

entire
Suitably, sequences alCer acgsmgmmm such that when multiplexed or

pooled PCR samples @:lﬁnaly{edh@cient sequence information (eg 12 nucleotides

or more) is obtained 9 élﬁ‘ Giﬁ;éhe llga&ﬁl.a;ﬂon to unambiguously identify

each target sequence aﬂ: cé tfxreé slcquence f F]terest

Sultably, the target thcd@neﬁlﬂnof it s&dd from the group consisting of a

rear m a8 ilencer, an insulator, a matrix

attachment region, a lglé(‘fn lﬁﬁhaganscﬁpuon unit, an origin of replication,

a bination hotspot, & n, breakpomt, a centromere, a telomere, a gene-
dense region, a gene-;ﬁl I'ELI yMp 1 and a (viral) i ion site.

r e C onst rret |

i et ] leotide i it i

Suitably, the targ ] *qllﬂ[le oy I that is associated with
or causes a disease, or 15 ﬁcated u 0 T Lhan 15Mb on 2 linear DNA template
from a locus that is assgelated thh or

maps a n

gene: mi |t

Carrangcrrent S
+ hat
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Suitably, the target aWasrxptmag eged from the group consisting of:

AML1, MLL, MYC, *h g}é ng IGH, LYLI, TALI, TAL2, LMO2, TCRA/S,
TCRP and HOX or other joci associated ‘with disease as described in “Catalogue of
Unbalanced Chromu d @ﬂﬁ §d edition. Albert Schinzel. Berlin:
Walter de Gruyter, 2068 Tisb 3111-01 g,

apparent in

Suitably, the target are distributed along the linear genome template such
that the interacting se?.\enois T)ver an eptire chromosome or the genome.

OW ng
Suitably, the pnmary@@@@ sfazj'mw .te s@fQn enzyme that recognises a 6-8
bp recognition site. 2 5 By V\By Of
Suitably, the primary reéc@' q:Bymer &electeq' Qm the group consisting of BgiIl,
Hindil, EcoR, B, 4G RO ha@ Gy
can be

Suitably, the primar;irﬁ-sjrlc ipn tengxrhe j based on its absence from, or
under representation in repet:i':ilr e .!»eq JaTcesé ?gﬂ
s6ck th

Suitaply, the secundai'y f%tw@{ e@@etisia €3} En ex;zyme that recognises a 4
or 5 bp nucleotide sewcetre‘iognttm\m or

Suitably, the secondary rengm enzyme rgiegon site is located at greater than
about 350bp from thasrgfq Hy@cﬁl@;@:&he target nucleotide sequence.

cam be
Suitably, a txansmonérrirxé)tn hgél&racin 1,]frequen01es is mdlcanve of the
location of a balanced and/or an genetlc reaxrangement

Suitably, an‘i.uverseﬁm &'rDﬂIAMacﬁon frequencies for the subject
sample as mmpa.redfto@f comel)'e am (éan balanced and/or unbalanced

imversion. on a single
array. By
way of*
further

avanml o
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By way of
further
‘exanpl e, the
Suitztbly, a reduction pt‘e a8-eN3 tnterdction frequency for the subject sample as
compared to the conlrolnx\fewtﬁcin O qcrsse in DNA-DNA interaction
e o o S PR R e s
because
Suitably, an increase ueeicrﬁgn DRABNA interaction frequency for the subject
sample as compared@@wtelﬂn?mﬁ\ﬂé* balanced and/or onbalanced
duplication or msemog C
Suitably, spectral karsbfBH3 MQJHQ%‘H to performing said method.
only all ows

Suitably, the disease ita ﬁr@ic disease.

Suitably, the disease 1§a§;11 e C t I ve .
anplificatio

PCT/IB2008/000625

Qitah 1 i, £ . .
R Vi Bftine with two or more target sequences are
amplified. .
single

Suitably, the target s%'m%&d at or near genomic loci known to be
associated with a discfsef W@ ACT 1 ON.

. This is
Suitably, the target s uen are selected without prior knowledge on the location of
a rearrangement and such that the interacting sequences cover an entire

chromosome or the émrll: ﬂrwmtth& idhfRed interacting sequences allow
reconstructing linear Wtﬂm maps and genomic rearrangements that occurred
within and between clrﬁvﬂliesl d | se d
Suitably, the mpllﬁelsagxen(glgela]aitir ay

The
Suitably, the amphﬁet s@leniof Hﬁxffmﬁl@l labelled according to their position
in the genome. haS been

I mpr oved

such that

al |

£f1  anant +t hri e
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, unbi ased
genume-w de
Suitably, the met.hes % a)r Eehletsfﬁoo bf a balanced andior umbalanced
rearrangement, mnslb@t, i*ﬁersion, deletion, duplication or insertion.
bal anced and |
Suitably, the array hybndxs%on step 1s replaced a sequencing step.

ance
Suitably, both the mgﬁm ke@nce and the nucleotide sequence of interest

arcidenified by supe@@)[ | ANQENMEN

Suitably, adapter sequtence ‘are ligated tptlye J&?p{tdﬂc’s

advantage 1s
Suitably, sequences I.an wiﬂl@l or more target sequences are amplified each
insepaxatePCRreactFDEr - I - man gy
Suitably, sequences SL:L:: Qv)é@vo ot uhgmget sequences are amplified each
in separate PCR. reacta:tgaﬁ Macﬂxtﬂ}eooled for simultaneous analysis.
mappi ng of
A Iv@:évg or more target sequences are amplified by
since it can
aovantaces pe used to

define the

The present inventionhas a number of ad: These tages will be app

in the following descn]
Fbrlnary)
By way of example, 4C ’e@otuqy" epn & tmfﬂ@ﬁ, such that interactions with two

or more target sequege‘ls ctnégnalysed in a single experiment, for example on a
single array.
T bet ween
By way of further eMlia, ﬁll&vlexed 4C technology can be used to screen for
rearrangements in gexeuh % g‘%uut the genome, at unknown positions.
occurred
Anot her
advanttage i s
thin cells

noaond nAat + AN

multiplex PCR.
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principle of

3C tyl wol ogy
By way of further ga]npg Uéﬂ-ﬁougﬁut %qla;;ng can be-used. in place of
microarrays to analyse[tfejq@ptured DNA The multiplexing and soquenci
mprovements mey WPFRET pl @ of

By way of further exgxll,%stead of multiplexing, sequences of interest captured by
different target sequ@‘ibl@dthpmﬂ&ch target sequence separately and
then subsequently po@efto be, 4|@md simultaneously on a microarray.

By way of further ex}mpee,cm!t]zard] IQ JJMQ}J]QM,'SWWS of interest captured by
different target seun:oQanafnxallﬁey &atxaﬁy for each target sequence and
subsequently pooled 1p l@analp@.hmhﬂuswtdh throughput sequencing.
as usual
it in
ides'

By way of example, the | vention is a’dwmageous since it provides inter alia -
commercially useful leo eq\gm&; processes, probes and arrays.
I findal (I1)

By way of further exag, the present invention is advantageous since it provides for

the high throughput arﬂgi%offhf fieq iof Btaﬁction of two or more nucleotide

sequences in the nuclear space.

enzyne.
By way of further Afm‘_lee}ﬁ present invention is advantageous since using
conventional 3C wchTolwé)IsingengA-DﬁAfimemcﬁm} must be analysed by a
unique PCR reaction contaiglifl aS uniqTe Iialr [‘rijprimem High-throughput analysis is
therefore only P o d, of so many primers will be
w00 high.  AccordilglNAh-th¥hePut Morlo-dide) anatysis of DNA-DNA
interactions is not vxelmi'ﬂtxa«'fnqopal a technology. ‘In contrast, the present
invention now allogs rthe. simyltan: i f thousands of DNA-DNA
RO o1 S 9 (=) .

. High-throughpuf analysis‘ ol interactions according to the
present invention mMnLcrwIe Jca.gaﬁ resolution of analysis.

sequence

By way of further eﬁ prfené invention is advantageous since using

conventional 3C techgol the screen is biased towards those DNA sequences for

which oligonucleotide primers) were designed, ordered and included in the analysis.

ifferent 10
fragnment s.
Those

frannmnmnt o
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genes, Firaf

and t hus.
The choice of sucﬂ J;Ltmﬁegna Grtners is typically based on knowledge
concerning the posiﬁ@verf sxan)l@@mnw:mcers and/or other regulatory
elemeuts/hype!sensletT ﬁt ltTnged will link with the nucleotid

sequence that is being 1 nal 3C is biased towards the
design of PCR primes tg;er:QJ mﬁe PCR amplification step, whereas 4C is
unbiased and can bJ \@d}d,ksrch the complete genome for imteracting DNA

elements. This is bec*au@ﬁm:a@df crgssgxﬂd sequences in 4C is not based

on the predicted knowlegee of s that cross-link with the nucleotide sequence

being investigated. het, in une " ent of 4C, sequences that cross link to the
first (target) nucleotids st]‘lmﬂ& betmy@ using PCR primers that hybridise to

" that mucleotide sequsbcﬂ t'h@ pla@@l iin@lﬂygllows an unbiased genome-

wide screen for DNA% fntsmcﬁous.

By way of further Q&Lp@\‘el plgédlgl ¥ is advantag b using
conventional 3C techfol‘a)u!ﬁ} leWby seleghve amplification of a single DNA-
DNA interaction. 'dlf xf lf)teqbreﬂi when hybridised to an array. The

technology has been ltupé éd ﬂgﬁ its that interact with a first (target)
nucleotide sequence eg. sel ely amplified.

U orescenc
By way of further @amﬂle he slaett i@ention is advantageous because 4C

technology can be queteahlaof}d g’ aklalﬁmié genetlc aberrations - such as )

all types of translocations, deletions, inversions, dup and other

- rearrangements - in nucleic ac oy le, ch 4C technology (which

measures proximity (ﬂﬁﬁﬁ@g&‘ﬁsic& Metmnine a subject's predisposition
1o acquie certain trarloftion JBOPE fmepgans, duplications and other
rearrangements (eg. éala:ﬂm or unbalanced translocations, deletions, inversions,

duplications and othe: omic rearrh ). Anad ge over current strategies
is that it is not reqm'nE E{Imkhre ﬁm position of the change because the resolution

of 4C technology is &ﬂ@tanlbe@@ to 8‘6 Jearrangements even when the
‘4C-bait” (as deﬂnad}% %@ resmcnon enzyme recognition

sites that are analysed?— d av@y )& é rgrt[oJ ne megabase or even more) from

the change. Another an e OVEr curren s es is that it allows for a

shows t hat

| ong- nhge
i nteracti ons
Aot oart od hys




‘WO 2008/084405

15

20

25

30

/| 5Fi gure 8
4C

t echnol ogy
simultaneous, unbiaskd Senot {30 lsekrc@66] both balanced and unbalanced
genomic reanangeme@s.@notﬂne‘lagﬁirﬂ'e 4C technology allows the accurate

mapping of changes sf to define the two (primary) restriction sites
between which changes occurred Another advantage is that cells need not to be

cultared before ﬁxatl!)n r'}ltls,e(; égpt: loh ours can also be analysed for
genomlcreamingemexftsr eq uenc | es

PCT/IB2008/000625

By way of further examy le The éesen mventisz is advantageous because the 4C
d§3§ ‘ reay )} in a ps 1 state, ie.

technology can also
before all the cells coBIn ase changes. Thus, the technology can be used not only

in the diagnosi of is@s Pt YIS EHIE! discase
By way of further ern?ple, the array%\zmgn acco§1mg to the present invention is

particularly advantageo to existing genomic tiling arrays — such as
Nimblegen genomic hl@azlyst— *ﬁy the desigu allows representation of a much
larger part of the gepxe PBSSWH \p‘?of example, for a restriction
enzyme recognising ucls nde sequence abouf 3 arrays with about 385,000
probes each will be gﬁjent_m cover, for example, the complete human or mouse
genome. Fora mﬁﬁa&z}meﬁgnismymorlﬁb 6bp, a single array of about

385,000 probes can te FS@.W @' e@zrqle, the complete human or mouse
genome. The advant(g Auf I;?y design are that: (1) each probe is informative

since each apalyses méepen ation event, greatly facilitating the interpretation
of the results; and (2) of the genome can be spotted on a single
array which is cost~ efgllvg n a.

Intensities
4C technology can a ﬁetufed for the ﬁne—mappmg of poorly
characterised rearran em g approaches (light

microscopy, FISH, S

n rmct i on
4C technology can acflar(aettfl(vjlexﬁetﬁir t@ gmﬂtaneous screening on a single
array for combinationg o? at have occurred near multiple loci.
axl s
plated for
pr obes®
ordered on

l i noaAar
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BRIEF DESCRIPTIAR @fﬁ kg at i O
e 1 n signals,
The principle of 3C t&hglké)e a | I n g
5 : interam o n S

Figure 2 f f | _ .
(a) The principle of odiment of 4 chnology 3C analysis is performed as
usual, with e.g. Hi E
mix will contain a Emm&wawmz ligated to many different
10 fragments. These ﬁmdwﬂ_tbvwhﬁed and labelled by using amplification

methods — such as mljlﬁ FC& lﬁf %16[ circles, using first (target) nucleotide

sequence-specific prim ed ampli
arrays as described m&m given as examples, but other
combinations of restr( 1‘8 ena:rasd sucﬂ_a&)n 8- and 4 or 5-cutters - can also be
15 used. (b) PCR resu}s md by gel ¢l horesis from two inder fetal
liver (L1, L2) and bng Bl 2) 5: éles %)ISCIJ c representation of the Jocation

b

of the microarray prol cs we

each probe analyzes &i&tsla thl arttexV\D
i ndependent
20 Figure 3 f et a |

h

liver

logy detec‘zti of Rad23A (chromosome 8). Shown
are unpmcessed rati J;]s for l{alBSA divided by signal obtained for control
sample) for probes 10Eate d—)lS M&rhde genomic regions on mouse chromosome

e After reversal of cross-links, DNA

cafion products may be hybridised to the

100 bp of HindII _sites‘ Thus,

10, 11, 12, 14, 15, 7 §adgB gorg| bottofry pespfs spywn are at identical distance from '

25 each mnesponding ‘Fﬁi the large cluster of strong signals around the
{Rad23A) bait on c! moso IK g: 7), which d that 4C technol

detects genomic fra; Dti]lmearl uldk plate (in agr

with the fact that mt@t{tlotj:'@)encms are inversely proportional to the genomic site
separation). Note tfx mozth%edm cis around the bait that shows high signal

30  intensities is large (; ﬁh) i&g r example that translocations can be detected

even with baits more reakpomt.

different
1-2 Mo
| egi ons cm

chronpsone
=z L ~nhl v/
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Mal |iver
Figure 4 (top, red)
4C interactions of P-gZQHR) O clufokpos@d 7 [7135M) for a transcribing tissue (fetal
liver) and a non-tr: SW htsuo ifﬁal brain) (analysed by a running mean
approach). Note r AT mte ons with B-globin differ between tissues
(likely dependent on nllsﬁ)mh statls Of the gene). Independent of the tissue
strong 4C signals denQQJm@rrgdm SS@IH around the bait.

PO bet ween

Figure 5
Uros and Eraf unemenh B-globin in fetal liver cells. The 4C approach reveals that

two genes, Eraf and roQ ﬂgct J:rena!(] gberlth the B-globin locus located ~30 -
Mb away. These twt] ng&n[ \a'GEvlm@m)sd by a different technology

(Fluorescence In Slm(Hﬂ,tCsananqeﬂrlbsﬂlg)sbome et al., Nature Genetics

36, 1065 (2004). OWS, g-range interactions detected by 4C
technology can be verified by FISH and truty reflect nuclear proximity.

m croarray
Figure 6 expr essi on
4C technology accuraantafﬁ mgs between unrelated genomic regions that
are linked in cis. e mice were used that contain a
human B-globin Lons Co ?i Regmn sette (~20 kb) inserted (via
homologous recomb 3A locus on mouse chromosome 8. 4C

technology was per}orhe&/ @ IEI4S(fthOpts of transgenic mice that were
homozygous for thist%n. 5 t within the integration cassette
(HS2) was used as ‘4Gybait’
both ends of the transgenic ttom row: only probes in the human LCR *
(~20kb) give 4C-51gllllstmxg px&earlllg&amdar of ~380 kb human B-globin
sequence) and clearly rﬁ%l@ﬁ ﬁ@bﬁ qf EFpSn on mouse chromosome §

(upper panel: compa( 4 tisréxiaﬁesome 8 (for position of integration, see

ta show that ac technology accurately defines

arrow) with signals on 6 of mouse chromosomes) (complete chromosomes are
depicted). This e: 3 that ology can be used to detect the genomic

position of ecmpicaﬂmtz&ltéd ma agmlnta\yus, transgene, etc.). It shows that
transitions between leeti Fexe% Séorgtﬁ are linked in cis can be identified
anal ysi s
(1 og stal e)
n fetal

hr a1 n ( nanaol
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1152 (top)
and p-maj or
(bottom.
accurately, which c:£ 1159! 1o Poiiky @forl) @eakpoinis and translocation
partners. overl ap

Figwe 7 exi sts.

4C technlogy producb aarodnmﬁer(]am since the profile for HS2 and B-globin are

very similar. Four bipbgicm}bl@ﬁldem 4C experiments were performed on E14.5

fetal livers, using eiger Iﬁ—w gﬁe@-major (apper 2 rows) or B-globin

HS2(bottom two 1o’ it baj ~40 kb apart on the linear
PAST E Ve T o

chromosome templaté but were previous:i shown e close in the nuclear space

(Tolhuis et al, Molemllalrz'llll ﬁ,ru,@ @ 2;) IQ;Bed is a ~5 Mb region on mouse
chromosome 7 that iJ. 240 I\tb hv@ fmi ﬂ_e5—glo@1 locus. The data show high
reproducibility betweg Xdpeeifmim(m{and d that two fi

close in the nuclear spgxﬁhae mﬁafhﬁ Bréeg Iocated elsewhere in the genome.
Figwe s that scored R
4C technology is M(Stb twf,suv eNAﬁ)]@ [interaction frequencies with
sequence X (on chm)T'ost Aé!.‘l- cﬁséfn Ia h@l‘hr person (top) and a patient with

translocation (A;B) (bottom). Sif intensities representing DNA-DNA interaction
frequencies (Y-axis) erglotteﬁ ﬁl bes ordered on linear chromosome templates
(Xeaxis). In normafJeeikY Befut [DNA-DNA interactions are detected on
chromosome A arome qu]e rX| Wﬂ tell_s, a 50% reduction in interaction
frequencies is observﬁ or op.chro me A located on the other side of the
breakpoint (BP) (comppare“grey curve (patient) with black line (healthy persom).
Moreover, the ngeng‘ngg)[lg ch!tn!oscﬁctB in close physical proximity
to sequence X, and ﬁ.kqlre]ltD@*D&ﬂOlteracﬁons are now observed for this region
on chromosome B. 'IWpriIAfansiﬁon from low to high interaction ﬂequencies on

this chromosome mﬂ:fs the locatign of its breakpoint.
-Oror Fith

‘WO 2008/084405 PCT/IB2008/000625

Figure 9 al so
(Balanced) inversiondf) qin@ kickctef pymte}hnyogy. Tnversed patterns of DNA-
DNA interaction. ﬁe@eﬁlﬁ fmastrefl by gaeelhlogy as hybridization signal
ot her Two
regi ons 20

(al nost 60
NA aAanar + )
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fragnments
i nteracting
intensities} are obse\Mi t1 ﬂeﬂsﬁd (solid curve) as compared to non-diseased
(stippled curve) subj w*chteieame jssence and size of the inversion.
Figure 10 t ar get
Heterozygous deleti&se(geuig Q'G(Etsnmlogy. Probes with reduced DNA-

_ DNA interaction freqhdit® (el by @ 1e@ilogy ss hybridization signal

intensities) in diseai'edr(ﬁeyé‘rvaetminpﬁhm non-diseased (black curve)

subjects, reveal the gosition and size of the. deleted region. Residual hybndxmllon
signals in the deleted re og H %ﬁdge‘lisemubjecl come from intact allele
(heterozygous dele’mﬁ) h’b&ﬁn{ 1s\1yﬁ:dy aJcofl]:amed by an increase in signal

intensities for pmbesp)attd pue]y] lteyond the deleted region (note that the grey

curve is above the bla(: rafﬁfr léuj of the deletion), since these regions come
i y to the .

in closer phy (bait
over heal t hy

Figure 11
Duplication detected ? f;ii:i Plnr with increased hybridization signals in
a patient (solid curve) 9 suL_}e§ (stippled curve) indicate the
position and size of &ﬂ)ﬂaﬂl ]ﬁxilcefdas &Dkka by 4C technology is typically
accompanied by dm@m ]Vb{ld.vgliqat s@mls in diseased versus non-diseased
subjects for probes bw gﬁfm (duplication i their
site separation from the 4 ae [ n

I at I O S near
Figare 12 br eakpoi nts

Long-tange interacti 5 ﬁ—bv@ led by 4C technology. a, Unprocessed

ratios of 4C over cona)i h)fanf ﬁf revealmg interactions of B-globin HS2
with chromosome 7 unrelated mosomes (8 and 14). b-¢, Unprocessed

data for two indepent ver 4 gred) and fetal brain samples (bottom, in

blue) plotted alongp)@@*ertnti 1Q Mo @ﬁns on chromosome 7. Highly

reproducible clusterstvf_ht@cﬁons are observed either in the two fetal liver samples
(b) or the two brain ﬁxiple éiaﬁl Runmﬁrthean data for the same regions. False
discovery rate was set at 5' me ematlc representation of regions of

rel ati ve

t he target

nucl ecti de

sequences i s
Ay Ff aoaront
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chr onosone
interaction with activd. (&[m:l 168 bnBactivel it brain, bottom) p-globis on
aromosome 7.t F @anducat i on
Figure 13 S are
active st nsctive S2Ebh iEDCE Qv and sacive chromosoml egions,
respectively. , Comp@@Eeheen @ Fiobin tork) e interactions in fetal liver (4C

running mean, top), rtlc\ﬁ@y expression analysis in fetal liver (log scale, middle)

and the location of geﬁmn@h)ﬁtg &w Mélegion that contains the gene

Uros (~30 Mb away’@q Bﬁlohm) owmg that active B-globin preferentially
interacts with other actively tmnscnbed g e same comparison in fetal brain

around a OR gene ch&th:H 3de gvliy yoﬁglobm, showing that inactive -

globin preferentially Bikrafis @R gactwe regions. ¢, Characterization of regions

interacting with ﬂ-glbhlyuw ?vﬂieﬁgatmln @ht) in terms of gene content
d activity. .

e n signals on

Figure 14 a nUt Ua| | y

Ubiquitously express@ Xa@iA ut@ps\yhe very similar, active, regions in fetal

liver and brain. a, Soﬁ]@ i repﬁfnation of regions on chromosome 8 interacting
with active Rad23A in fetal liyer (top, red) and brain (boftom, blue). b, Comparison
between Rad23A 1 b

expression analysis (w s&leﬁﬁ:ittaj hyr (top two panels), Rad23A long-range

interactions (4C runnweqang:h mw e'(pxﬂ g analysis (log scale) in fetal

jons (4C running mean) and microarray

brain (panel 3 and 4) é“é% ' ottom panel) plotted along a 3 Mb
region of chromosome 8. c, nzauon of regions interacting with Rad23A in
fetal liver (left) and bxgnr(l'lght;r of gene content and activity.

l'i near

Figure 15 tenpl at e of

Cryo-FISH confirms that 4C technology truly identifies interacting regions. a, example
of part of a (200 nni) cryd-section showing more than 10 nuclei, some of which
containing the B-glotillmarus eea ros (red). Due to sectioning, many
nuclei do not ccmmm@m 10 199 SOK B & examples of completely: (b) and

The

br eakpoi nt

on this

minr ol at aAd
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bet ween t he
clusters of
partially (¢) ovsrlappi:g B&aﬁsﬂd a&ttmb ﬁ@ (d), which were all scored as

positive for intmcﬁom'_“ les of nuclei i no; ing alleles (e-f)

and a nuclens comajfnf- oaygijﬂﬁt), $hich all scored as negative for

interaction. h-i, Schematic entation of cryo-FISH results. Percentages of
iﬁ’neraction with B-glogj’(]lfangm§(pagﬁicaé above the chromosomes for
regions positively il e (l‘b eﬁmead) and negatively identified (blue
arrowhead) by 4C té-et)ge rhESd)e IfAﬁ were used for the two tissues.
Interaction frequenci by cryo-FISH between two distant OR gene clusters

in fetal liver and brain are indicated below the ck me!

trnt
Figure 16 Top: signals
4C analysis of HS2 aﬁd ®1Fajor tivhléﬂy similar results. (a( Unprocessed 4C data
of four independent E14.5 11 atnpéthc@i a very similar pattern of interaction with
HS2 (top) and B-major ﬁoﬁo ). (b) A latge overlap exists between probes scored

positive for intemctitg Eegm&lmd probes that scored positive for
interaction in the B—méor expegat t om

panel 4C
Figure 17 dat a:

Regions that interact with B-globin also frequently contact each other. Two regions
(almost 60 Mb apax§ Icorg.\ﬁng ﬁQly @Lcﬁbeagenes and identified by 4C
technology to interact]wﬂh £~5MB fetal liver, showed co-localization frequencies
by cryo-FISH of 5.5‘3F, eg 'rwa@ﬂliﬁcanﬂy more than background co-localization
frequencies. .
around the
P br eakpoi nt's
Example of a hetero@efs (@O @R A x 4C using a single dye for

the labelling of DNA, &menﬂ&g@dith iple target sequences. The ratio of

interaction frequencigs qbserved in a pah sample) over healthy person (control) is
depicted on the right.i:s h €S

data, the

Hincl 11

restdction
fragnment on
chronosone 4

~ANnt a1 NI A
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4C
accurately
Figre 19 detects
The presence of a dsajﬁ bﬁ‘i‘ W@zeﬁ f)aﬁent as revealed by 4C using a
target nucleotide sequfmt])atfs al}:r 1 3 Mb (B) upstream (‘to the

20

25

30

left’) from the first bre: Note eeuons cause a reduction of DNA
interaction signals atai:zoeé)regxon,ﬂa also cause an increase in DNA:DNA
interaction frequencisStiG Gdubiccilt-@| ddyfnstream (‘at the right) of the last
breakpoint. This is drexfare ebtmg wlal interactions with target nucleotide
sequence B are closelﬁle?axgrfl é botmm tw hs) Based on 4C data primers

dcle regmn Rreakpomt was identified by

sequencing: plain tex1rll sequence upstream of deletion, in bold indicated is an inserted
nucleotide, mderlinectis élﬁ&c}us?c) d(w@r%ﬂh}: deletion.
g35) in
Figure 20
A heterozygous mverg)gm b%llx AQ Qng a single dye for the labelling

of DNA fragments mwmtg hth aluple target sequences. The ratio of interaction
frequencies observed F: ﬁqenc*ngw h@ty rersun (control) is depicted on
the right. Note that rajfiognear breakpoints may be different when the position of the
breakpoints relative to the targ: nucl'eot%e'sequcnces is different.

were designed on eac]

unbal ance
Figure 21 rearrangenen
Colours alternate be i nucleotide sequences, which allows for

the detection {in red) of a dt:[mn close to a target nucleotide sequence (in blue) that
fails to detect the deleg ?

0 saf dJsauon signals. In case the amount of
probe on the array 1; ndt &mnﬁlnblue signal would also be decreased at the
deletion. unborn child

, with
Figure 22 .
ongenita

Colours alternate between nei uring target nucleotide sequences, which allows for
the detection (in red) r
the patient (sample) &nlealthym @ﬁct) is depicted on the right. Note that
compared to a singlf (iyea)qﬂrennfeggma’z) the use of alternating dyes
(red) and b
(bl ue)* t hat
were | ocated

AN ANRNKAct o

mi ifitetaction frequencies observed in
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WO 2008/084405 3I nt enSI t I €s
) . Figure 33
4C signal s
facilitated the detecﬁaCfr;eQ&&Lavlchlas niversions. Also note that ratios
near breakpoints my@%ﬁe@m@m@f the breakpoints relative to the
tmetmaleoide soppisEEPeal t hy
Figure 23 control and
Example of a hetemz@oussamﬁd by multiplex 4C using a different dyes
. for the labelling of @w&rgylps ﬂgaclmg with different target sequences.

Breakpoints of the ingergiomare 1 ition of red and green signals in
the patient that are absen [ - Notd that introduction of more colours

facilitates the detectxo gemeng-( e for example figure 4 and 5).

PCT/IB2008/000625

Figure 24 arr owheads

Detection of balanced transk nons h _chromosome is labelled with two unique
dyes that are used suc!l ﬂg e dyes Qe % between target sequences that neighbour
on the linear chmmopxg Snlp]d.cimanslgimns are balanced, each of the two
ch.romosome-speciﬁctdya thave stmng hybridisation signals on a mutually

exclusive set of prob dEeq h other on the linear template of the
unrelated chromoso: reakpomt aled chromosome is located in
between the two sets u es hueld hybndxsatlon signals. The parent

chromosome signals @\ fnd” p@m@dt would be half the intensity of the
control (not shown in i.helfﬂap Cc at es - ’
Figwe 25 the position

Proof of principle foOHe dedbtlohERf batanced translocations, Detection of 1(1:7)

translocation as desr{'lbfdanS?'lln@@( atBioo@Vol 84, No 4 (August 15),
1994: pp 1232-123?] Tagef tucéatide sequences flank the TCRB locus on

chromosome 7, with Si s representing DNA:DNA interactions with the -
target sequence that ﬁua!fa‘ g(plocus, and the blue signals

representing  DNA:D! teaanomﬁx @g target sequence that is located
downsiream of the T@l’ 1@.€. t)e@é pre the interacting DNA signals found on

chromosome 1. Top IEFS 1}10er tt&retical signal distribution. The middle and
lower panel show the, \7\cntual ﬁi dlsmbu on The ebotmm panel shows signals at a

of --60kb.
Scal e on

T Avi o
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Hype 37
12.103

expr essi on

resolution of mdlv:dl]al E})bes-guiwés]d}m.the chromosome template. Note that in
case of a balanced tiirn eﬁtmcleoﬁde sequences flanking the breakpoint
will show a mutually, ﬁlfsrﬁf oéigr.chrornosomal DNA interaction signals that
directly border each gther on' the linear chromosome template of the translocating
partner chromoscme.é-?ﬁt,;llef sequenced breakpoint {described in Burnett et al.,

1994) is indicated by @ YD 2 564
was measured
Figure 26

Theoretical ot fo d locations. Each cl me

is labelled with two @ uj dy rtthIM [1st xdl that the dyes alternate between
target sequences that g@ﬁ.em the linear chromosome template. If translocations
occurred with loss of ip ‘heé-gkglins T-]\mbalanced translocations), each of
the two chromosome-s| dyes wﬂl give strong hybridisation signals on a mutually
exclusive set of probéeCI ] ed chromosome that do not directly neighbour
each other on the hn53 ;I'.IIRQ 3 thel urBlated chromosome. The deleted region is

‘WO 2008/084405 PCT/IB2008/060625

indicated. expressed in
Figwe 27 the patient
D ion of unbal Ca@hsibeMok: Beg:tion of i(4;7) translocation as described

in (R GaBjaard et af, WJ'M;}@%; (Aq2®54\;ug 30;121(2):168-73). Target
nucleotide sequences (1«23 013 érg ‘btllj l‘ picted i ing DNA signals
et

are located on chmmosome 4. Two feﬁnces were used located upstream (57)
and d 3% o bsome 7. Interacting DNA signals

Iocated on chromosonLJ&JellEdmtfoJ b Q’@t sequences in blue). The region
in between the clust/ﬁ |of gwn@ Dl\g 81gm4t@n chromosome 4 has been
deleted in this patlenth ih ﬁﬁ)lfwgm)mosome 4. Bottom panel 4C

data: sigpalsata 1l 5 region’ around Lh breakpoints on chromsome 4. Based on
ﬂxese4Cda1‘A,the n‘ro “Pt 4 ining the
translocation breakpotlt @s ubl@ed. and used to map the breakpoint by sequencing.

The sequence is provaeﬂﬂqxe yg@d:h bly where underlined sequence is
from chromosome 4, S‘éjrs éﬂd both on 7 and 4 and plain sequence is from
chromosome 7.

sequenci ng.

Sequences

produced by

CAhAl av o
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s (2002),
Pal au at at
(2003) .
Splinter

Figure 28 etal. (2004)

Chromosome—speciﬁal%ng mDiJAS jons. Blue signal appearing on

1

chromosome 3 and orange signals appearing on me 1 reveal the ion

PCT/IB2008/000625

partner chmmosommsgnﬁ the @ ximate position of the breakpoints.
"(2004) .

Figure 29 Briefl %, 30

Sequencing of PCR ified nucleotige sequences of j (blue: travel address)

ligated to target nucieotide sp ugcre. reuo :r(;:n_rergd:ess). Amplification was done

using primers (red), h)éast al vgg Sllg |com)g:nemary to target nucleotide

sequence. Optionally Qdip@FSeSn) clan|beﬁtkde@m various ways at the end of

lhePCRpmdums,asW. W t h a

Figure 30 primary

4C accurately detcctfaggntedru'imsectﬁ(in E)dnnversion (A-B) 4C technology

detects a balanced ocation (1;7). (A) In a heaithy control sample, target

fragments a (red) anc lde) are located at opposite sides of the TCRB locus on

chromosome 7 do nofcglmlne@m dmmbo¥e 1. (B) In the HSB- 2 cell line

containing a balamc+d Itrtglaatmp ONP333Y). cach TCRB target fragment

a region ¥ d are several megabases in

. w1l b}/ W .
. size (zoom 1), directly neighbGr each other (zoom 2) and flank the previously cloned

breakpoint (atrow). &eQQé; ﬁr%ﬁg oa; (J‘n‘ogascmes. (C-D) 4C detects a
balanced inversion. (ﬁsz.a heamdt@ [sample, target fragments a (red) and b
(blue) that are lccated'{ﬁmeies of the TCRB locus on chromosome 7 do not

capture large regions gk VPT n mosome 7. (D) In a T-ALL patient sample,
each TCRB target :}'agélen a;e%m_tehj)anéjj;ﬁohal region at the other end of

ghromosome 7. The Llolt % dangm (a5 chaphnes aregion 5° of the HOXA
cluster, the most 3’ A3 {IBEnt ¢: }luf)]rl(l@@ region 3’ of the HOXA cluster,

demonstrafing an invdisi A d are several megabases in size (zoom
reting an v isipr AR PR TS ) gebascs in

1) and directly neighboryeach Of (zoom 2), showing that the inversion is balanced.
Both target fragment: it bre int (arrow) near HOXA9 within a 6 kb

i nt ranol et ul
ar, is
strongly

f avour ed

An/aor DAt An
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aspects, It

is pruteaa,d
region. Running msat dnaa;e pI(Itebl&Lg a window size of ~60kb. Zooms show
uprocessed signal ifengiips. €| @0t 1 de

, sequence is

Figure 31 .
4C accurately detec§ Izmgngedee;xégtm@l @) 4C accurately detects a
translocation t(4;7)(pis.|z;qedn oA with a microdcletion (i.c. unbatanced
rearrangement) in ansﬂ @siﬁfroma;smbom child with congenital malformation.

Target fragments a ﬂ q’!](]b ) that were located on opposite sides of the

breakpoints on cliromosome several on
chromosome 4 (for J oanEL‘:[%QLsomes, see fig. 35). The two captured

regions with high sp.ﬂs|dunie fir&Stly aﬁ:d each other, showing that the

translocation is accor i hbaé%ﬁun on chromosome 4. (B) Sequence of one of
the breakpoints (arrofs), with ct ome 7 and 4 seq in small and capital
letters, respectively. l4'(,rzu:(: (mlﬁes a homozygous deletion in a T-ALL

patient sample. A m@&@ﬁﬁ&a& pon cl*oltosome 9 at 19.3 Mb identifies a
region (between mmfs)gckuplpgefgne 'ﬁ lile exd)t sample (bottom) compared
to conirol sample (lolf 1 l\ﬁ gleuon on 9p21. Signals 3” of the deletion
are higher in patient versus coptrol, as thig regjon is in closer proximify fo the target
fragment due to the EJ.]LJ:‘;. (Deﬂltenl:e the breakpoints indicated by the
arrows in (C), col nﬁr@w@ea@elmﬂ:d §8 this figure are unprocessed signal
intensities. Rar&highd@.hibc]el%i_teg’ofs Iﬂdgﬁthat these probes show non-
specific hybridization,
ded DNA 35 -
Figure 32 SLJCI L a S

4C screen identifiesQP/Q] |3F| a@ovel translocation partner of TCRB.  Five
uncharacterized T-, i ﬁza: re ed with 4C, using a target
fragment near the AT%ET:?O T‘]%g:me 7%1) In one patient sample hlgh
signals appeared s@: Q 4 12, ling a 1!

1(7;12)(q35;p12.3). Ftr &le aa(ﬁhﬁﬁmnosomes, see fig. S4. A deletion is
present several meg% rfromglotn:lggcaﬁon site (arrow) on chromosome 12

(zoom 1). The translo; t in a tegion close to the LMO3 gene
(zoom 2). (B) Sequegegﬁ ét:é i: dints ofli7;12)(q35;p12.3); nucleotides in
I'S nothere
That t*he

nucl eoti de

cnonlionNnQcAon 1 o
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" Figure 35

sequence.

Accordi ngly,
upper case are from I’Z,hewercasefmm7 and in italics are from unknown origin.
(C) Schematic reprefQrifi@n] 0@ frefsiqghn site of (7;12)(@35:p12.3). The

enhancer of 7CRB is g@g&]ﬁj v@tream of the LMO3 gene. Running mean
data were plotted, usmg a dow .stze of ~60kb Zooms show unprocessed signal

intensities.

the second
Figare 33 nucleotigp 1 1
4C signals across :§ %ﬁﬂw;éll& bh thy control and a sample carrying

(15 7)(p35,q35) Th mdicate posmon of target sequences. The red

arrowl site. ing mean data were
plotted, using a windd @pa@katc@@ Y-axis (arbitrary units) is identical for
all chromosomes. t he f | r St

(target)

Figure 34

Restriction-fragment- W ﬁl@ltmk dﬁ Schematic  representation of
restriction-fragment-| WFNBGB) Breakpoint sequences of an inversion
between TCRB and 7 (see fig. 30). The black sequence is
located at the posmon in fpund 4C technology, in bétween the probes that

mark the transition prQz[;.JtIre& t(QlH—ﬁptu!Q Emgments The red sequence was
found with resmcnonfﬁ‘fgr@g)mﬂitsesencmg from the black sequence and is

located in the TCRB-IglEI Cc h as
appr oxi mat el
AC signals across allyxmrAM)me q:hha 3&]43, different chromosome 7 target

fragments in a samp'le Faneld t(4;7)(p15.2;035). The black arrowheads indicate

position of target S\ﬁlﬁlfest Thedﬂ wBafls indicate the position of the
translocation sites. RY mean data were plotted, using a window size of ~60kb. .
Scale on Y-axis (arbit,ar; ugtg chmx_nosome&

Typically,
Figure 36 t he port I ons

4C signals across all mo: nrgs biained with a target sequence near the 7CRB

locus on chromosome 7 1n two T-ALl ient Samplés, one of which carrying a ¢(7:12)

wll be at
| east *about
16

niiecrl ant ' Aace
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The first
nucl eoti de
sequence is
translocation. The bﬁk aLoa{a&gxﬁltaw position of target sequences. The red
arrowhead indicates ﬁuu@ulm@'@{ txim:ﬁcefon site. Running mean data were
plotied, using a wmdtg w{;]@gh %zécm Y- aﬁgxbltrary units) is identical for
all chromosomes.

used herein,
Figare 37 t he team
LMO3 expression in' T-t\lap ¥ ples. Gene expression was measured on
affymetrix gene ex 3 xpressed in the patient carrying
1(7;12)(q35;p12.3), bﬁgmm;ﬁz@m é

sequenc e'

Figure 38 refers to
4C PCR primers exa sequencing. Sequences

“TH%“S@Q?%?

PCT/IB2008/000625

produced by Solex: ‘é primer’ (18 nucleotides, including
GATC (i.e. Dpnlk te)), l'o]!§1ved Qn sequence.
bai t

as a
Figure 39 sequence in

PCR results using p \glé ver containing Solexa adapter sequences. For
comparison, results obt:ae with stand; pnmers I(}]anes 1,5,9 from left to right; no
overhangs) are also s e nt I

one or rrute
{:g’”"ffo - sequences to
it ®@it ch it 30
mewess  Cross-1links
Primerset 3 (139Mb) éa@:gs chron@se! seyghces across the breakpoint in the

HSB-2 T-ALL cell I mosome 7 at ~142Mb, i.e. 3Mb away from the baxt)
For comparison, microarra; sults are sho Note that the target sequence (bait)
used for the mlcroarrg Uqgineﬁ Qilcﬂos‘ﬁ(g Mb) to the breakpoint, explaining
why it maps the brealG>i@ 6} LH@RIGE Brier O

i nt e rest or
DETAILED DESCE[E } I%% EIF ﬁﬁ% i)

sequences of

Wi | mown

nucl eot i de

cCcnanilioonNrn
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-were originally close

virtue of
the faci
wrmgxt hat t he

The 3C method has in detai in Dekker ef al. (2002), Tolhuis et al.
(2002), Palsira ef al. t:éj rh aIQ 04) and Drissen ef af. (2004). Briefly,
3C is performed by th@ﬁg &mk ]ﬁa\ﬁ!ta primary restriction enzyme
followed by ligation * \mw DNA concentrations. Under these conditions, ligation
of cross-linked fmgnm g} ' srongly favoured over ligation
of random fragments, Wi 15 mtermoleculax mss—lmhng is then reversed and
individual ligation p[o by the polymerase chain
reaction (PCR) usmgh_)cus—spemﬁc primers. The cross linking frequency (X) of two

_ specific loci is dstera?ﬂdd* T“‘f“f‘“f ﬁ]t riaa@ns using control and cross-

linked templates, and X is expressed as the ratio of the amount of the product obtained
with the cross-linked ]A:é:Ie ] template.
aced In

In accordance with ﬂmtlini'enﬁot, 4 @@emplate is prepared using the methods
described by Spli t:ab ﬁ?ﬂm) Methods Enzymol. 375, 493-507. (ie.
formaldehyde fixation, (primary), restriction enzyme digestion, re-ligation of cross-
linked DNA fragm L dID Aepgi%n). Briefly, a sample — such as
cells,tissues or nucleidt s @ed ab Oz@t-luﬂo& ﬁent ~ such as formaldehyde.
The primary restricﬁb a]sxe nges@paschh .performed such that the DNA is
digested in the con the_cross-linked nucleus. Inframolecular ligation is then
performed at low Dj: conceptrations (for example, about 3.7ng/pl), which favours
ligation between cr&ﬁ ]&K Fragl (ie. intramolecular ligation) over
ligation between no@ﬁt)i@d pm@xtmt,s (fe. intermolecular or random
ligation). Next, the tmh gks *e re\lergtmd the DNA can be purified. The 3C

template that is yleldcd contains restnt jn fragments that are ligated because they

ttx Q‘.\clegs
nucl eotlde

Since a primary reSYIQI@ |en§lmrusedmst the DNA prior to the

intramolecular Iigali(ﬁ 6 fnﬁyﬂg@ogmﬁon site for the primary restriction
enzyme will separate 8e Oﬁmfet) nycleotige sequence and the nucleotide sequence

or partially
(eg, a

frannmnt \
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http://wwoh
angbi esci enc
that has been ligated. GhecdRifIl e nyal;, xbch&m site is located between the
first (target) nucleotifR @dpefee@Bife Wﬂ@e’oﬁde sequence Cie. the ligated
sondsenens pl ?ouer y=47t

NUCLEOTIDE SEC Zjﬂ E¥ “E

[ittm rvww.
The present invention _inyolves the use of pucjeotide sequences (eg. 3C templates, 4C
ST et an

templates, DNA me)J e, amp) canoneempa , DNA fragments and genomic

DNA), which may be b1 cudindecVAL DA
| ut hat abases

The nucleotide sequencecnﬁ I;?-f)NA or RNA of ic, synthetic or 1

PCT/IB2008/000625

origin e.g. ¢cDNA. Fer le, 1 ide seq may be prepared
using a PCR cloning hlLl [114) Thls VABMM}:](@ a pair of primers flanking a
region of the sequency/ $hith eiydesi@@ Eﬂxe,ﬁ@ing the primers into contact
with mRNA or cDNAaxejy«fﬁwoGw@tmsmmm (eg. animal or human
cell) or non-mammal bn ﬂ y i 3 chain reaction (PCR) under
conditions which bring X ﬁmrojo (In e desired region, isolating the
amplified fragment (8- Q; [gl% mekeat[m on an agarose gel) and
Tecovering the amplia(ms Tl"e]fnm may be designed to contain suitable
restriction enzyme rethionﬁl S Isow 4 DNA can be cloned into a
itable cloni L . .

e Bi nl mi h. gov

The nucleotide seq{m& nk} UI xlall;letmudedt or single-stranded whether
representing the sensah&ts#s@g1 or?cdkiin#oh thereof.

For some aspects, it is preferred tthel O id
such as s.ingle strand Lm pl'ob 4 . sa
nger t nuk/ Pos
For some aspedts, it it pwnk\gcrmﬁ Epsoee is double-stranded DNA
— such as double stranldedﬁ?] AFC templates.
[ th4t://agse
rvedgliarnin
| : 808G/ ecarr

ucat hear ut hj
cn Y har

is single- ded DNA —
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nei ghbouri ng

proteins and
For some aspects, it in:rHGJd ﬁtim&uclé(tiie Qmenoe is genomic DNA — such
as one or more genonﬁF h:y , t WO Or

I ' % r a)
For some aspects, it is pre’ orred that the nugleotide sequence is chromosomal DNA.

eot | de
The nucleotide seques:etq'u:@:ﬁk{}@s(mitoucleoﬁde sequence and/or a
second nucleotide Squl’&n b e

The primary and secon re§1¥an rel:gn@ Qognmon sites will be different to
each other and will ty& &yu: OM bndglin the nucleotide sequence.
, pr ot ei ns

In one aspect, there i vt'jeﬁadircul‘ ised nucleotide sequence comprising a first
nucleotide sequeénce apd (eg. ligated to] } @ second nucleotide sequence separated (eg.
divided or parted) byac andrz] Secgndary restriction enzyme recognition site,
‘wherein said first m i e&@ce is a target nucleotide sequence and said second
nucleotide sequence ﬂWl@Wsr—h@e genomic DNA (eg. in vivo or in
vitro). The primary aé gb Estncnon enzyme recognition sites will be
different to each other 1c ly occur unly once in the nucleotide sequence.

Cross-1inkin
In a further aspect, tl:ge ma'gleﬁ tirglarised nucleotide sequence comprising a
first nucleotide sequemarﬁ @rligattd ﬂ as'xi(md nucleotide sequence separated

{eg. divided or pm:? béa primary ana CON restriction enzyme recognition
site, wherein said fir: el Mm ide seq and wherein

said first and second {RdAdile s@lder&s@e omle by a process comprising the
steps of: (a) cmss—linﬂ‘rs @éu Pl\h (eg. in vivo or in vitro) ; (b) digesting the

cross-linked DNA ga egyme, (c) ligating the cross-linked
nucleotide sequences; d) TEVe] mg 3 cross ; and () digesting the nucleotide

sequences with a seco‘Mry dee to circularise the nucleotide sequences.

present
Preferably, the seconfi m?oélrftqn‘en@ Iafersects {(eg. bisects) the first (target)

nucleotide sequence. - Accor aﬁe d} nucleofide sequence comprises the second
ﬁrg(fa:get) nucleotide sequence into two

nucleotide sequence, Whli’(]:h sep

hose
crOSSJiltdci
ng agents
+ hat
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Usi ng | ess
frequent
cullers wll
porti(;ns or ﬁ'a.gmentsi- ﬂﬁ!ﬂ;ﬁ(ﬁ&@ twt em sized portions or fragments.
Typically, the pomona)nr@mts @J(be@ R 16 mucleotides in length.

etch
In a further aspect, ﬁe 1) prowdey of 6-50 t irs that
directly flank, and o Tude, the primary restriction enzyme recognition site

of each target sequen&@@, Fnd th@&ﬁn.be @4A)in the methods described herein

miclenﬁfymhmrgef(=ff|r'1*=z>ymes t hat
recq

In another aspect, there 15 prowdgnzla& of sequences of 12-50 basepairs that

directly flank all pnnb’ymsu&ﬁq&lleg@%snes in the genome and that

can be used in the me@aﬁs de%ein to determine the genomic position of each
stoeeweseaietitofiide,  but

In another aspect, ﬂl@.r;s govxm Eaiabase of sequences of 6-50 basepairs that
directly flank, and deonm ixtpl&,dhe 215am secondary restriction enzyme
recognition site of eath e’ the tarAeehudmes included, and that can be used in the
’ L)
thods described heyesn to identi 3
methods desibed e 1R Y6 SEPT
In another aspect, tbx5§ Md\] Lot of seq of 12-50 t irs that

directly flank all relevA@@lIdary re J enzyme Ttecognition sites in the genome
and that can be ust methods |ﬁed herein to determine the genomic

position of each of theEa& 4%0?. zdm]uffed

FIRSTNUCLEOTID&i EE Sc at
A

The first nucleotide sequence li a farget nucleot d:{equcnce

PCT/IB2008/000625

’
As used herein, the ttmr ‘@— laotlde sequence” refers fo the sequence that is

used as a bait sequexjs in or o 1den the one or more sequences to which it
cross-links (gg. one o) tide seqtie; x:u:! o ﬁes‘( OF One Of MOTe Sequences

of unknown nucleotidk Q\Q@Jou;poNﬁ)(ﬂ )
Snot Stet,
Asa Anil,
%rar g.»= SOL
Xhre, Pith

A111 Erii1DI
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enzynme t hat
IS
optionally
The target nucleotide ko of @Finticfebce.
primary
Cross-linking is mduiatxg §1T tiw lrl@&lﬁ sequence and sequence cross-

I
linked thereto were originally close i the nuclear space. By determining the
frequency by which Q&;SMS to each other, it is possible to understand, for
example, the mnfon%n@@l@utosbm@ ﬁd’ chromosomal regions in the spatial
context of the nucleu.i (q'g, g\a.tml mo(n) I@fover, it is possible to understand
the intricate structural o1 jons wnim) the genome, for example, when enhancers
P EEE P HRE

or other transcriptional regulal elements te with distant promoters
located in cis or ev aks. Purthermore, it is even possible to understand the
positioning of a'gived@mje@qqgaﬁv* tci mﬂ*(ide sequences present on the
same chromosome (i)'r cis,‘ g wegﬁh leotide seq on other ck

(in trans). Thus, it is possiby ﬁmap de seq on di T

that frequently share Ctg Q eln eg Qn]:e.) Furthermore, it is even possible to
q

detect balanced and/DNAanced genetic aberrations - such as balanced and/or

unbalanced mﬂocpra,rdile10¢, Everfos @ypfjeations and other genomic

rearrangements (eg. eleﬁots ﬁttanslolgxt;ﬁnéin 012 more chromosomes). In this

regard, genetic aberrations result in changes in the A-DNA interactions at the

position that the chanfs PRQG HBRAL jerecrea
t he
The first (target) nucgigwd:arrxce with the present invention can be
1o e

any sequence in which it is dgsired. ine the frequency of interaction in the
nuclear space with ong o%%riotﬂm‘l seﬁ on
enzyne 1S
In one embodiment, we drget lﬁleotide sequence will be greater than about
350 bp in length sn:ﬁjr estriction enzyme is chosen that cuts the first
(target) mucleotide s nce at about 350, bp or more from the primary restriction site.
This may minimise adi@il Juc[;,] gtgﬁon%pological constraints (Rippe ef
al. (2001) Trends in KRG Siends @, 8-V 2

nucl eot i de
Suitably, the first (i e;g al)cleo ide sa:ence following amplification comprises at
i t

least about 32 bp by, e!’;]c §§e QOum length of the at least two
I nterest, :

whi ch =al | ows
for the

li At An ANFf

PCT/B2008/000625
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Hhal ,
Hael | |

amplification pmners%a |a.mpli.fy ﬂ;&gxﬁ nucleotide sequence are about 16

bases each. CHM |\/B e |

In a preferred emby ent, get) cotide sequence may comprise
completely or pama]D& E emﬁp flo e 0 (eg. in the proximity of), a

promoter, an enhan &NL&AL insn@ef dmatnx attachment region, a locus
control region, a tmnNant, an o‘ig).ﬂ:)f ralcauon, a recombination hotspot, 2

translocation breakpoj t,ra ITIO ere, a telomere, a gene-dense region, a gene-poor

region, a repetitive el@m 8 sn;e a nucleotide seq in which

deletions and/or m.ual dlltte[r‘e n teﬁect {e.g. disease, physiological,

functional or su'uctm{ ﬁ@f such as an SNP (single nucleotide polymorphism), or

nucleotide sequence(sécéwlsrth itl and/or mutations, or any sequence in

which it is desired to deummnf of interaction in the nuclear space with
restri C t on

other sequences,

enzyne is
As mentioned above, W}‘s kmgeaw@fdmuenoe may comprise completely

or partially (eg. a ﬁﬁsnf), ior be close to (egl-zhté proximity of) a nucleotide
sequence in which gendfic aberrations’- such ons and/or mutations - are

related to an effect (k. &gem According to this embodiment of the invention the
first (target nucleotide Is@@:ﬂ @M&f by nucleotide sequence (eg. a gepe or
a locus), adjacent to I(ogg th;isio'rl E\tﬁ fen@lﬁ), or in the genomic regipn in

which changes have been associated with or correlated to a disease - such as a genetic -
or congenital disease. 1 0  the first (target) nucleotide sequence may be or

‘may be chosen based 21 &g{ﬂdn tmjl Oifcal phenotype. In a preferred
embodiment, the cha.gqs *e ezix'lges 1:\ eeforelrregromosomes and the disease

may be as a consel e o fﬁ émmge :le é more deletions, one or more
translocations, one ot more duplications, and/or one or more inversions efc therein.

Non-limiting examplls sucl gtxl&glom are AML1, MLL, MYC, BCL, BCR, ABLI,

smmunoglobutin loci,ANECrh: ©1@%, Ea@lErcrers TerE, HOX and otber Toci
in various lymphoblagceﬁm‘ﬁ nce

Other examples are described in electronic databases - such as:

recogni sed
arid cl eaved
by The

econornandar v
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enzyme
recognition
sites such

hutps//www.nchinlm ifih gy @pfirez .tm., Yigpizdb 1
http://cgap.nci. mhgov&ﬁap leaa

http://wrer ix_net/p 1x/P1460343

i mmwsiogsiodnod oy B kit o475
hittp://www.possum.; D@H‘B n O

http://www. Imdamhasks mf] e r

http:/rerww.wiley. co subject/hfe/borgaonka:/mdexhnnl

hitp:/fwww.ncbi. nlm ov entrez/query cgl

hnp//wwwsangerac liecmg’l y,

http.//agserverol.amlp Q)solefarga/ecamca._]sp
refer
Other examples are “Caﬁl gue of Unha]anced Chromosome Aberrations
in Man®” 2nd edition. A]Elxai : Walter de Gruyter, 2001. ISBN 3-11-
011607-3. tertiar Yy
restriction

"In one embodiment, “adi " means "directly adjacent” such that there are

no intervening nuclectides two adjacept sequences.

recognition
In another embodimef§ {hetsr@ adjac@" in the context of the nucleic acid sequence
and the primary res’mftlﬁtza)t r@)ﬁiﬁmaif means "directly adjacent” such that
there are no interv nucleo des een the nucleic acid sequence and the
primary restriction enzymny Qlézﬁu ste

sane
SECOND NUCLEOTIDE SEqUENEEC @ g ny

The second nucleoﬁd.!: sEqueonms oﬁmma%e ob identified, or identifiable by
cross-linking genmch{IAl (eg;av[m T in @[)]

secondary
The second nuclenﬁdr Eslte ?gi mtlettife ﬁlﬁme of interest) becomes ligated

to the first (target} ng ce after treating a sample with a cross-linking
agent and digesting/ligating t¥ cross-linked DNA fragments. Such sequences are

recognition
sites #=as the
| engt h of

+hoa Nnri nmoar
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(Spa),
CTCGAG

cross-linked to the ﬁr{(t{rgkﬁ @tla%id’e sequence because they were originally close
in the nuclear space @q’]me first (target) nucleotide sequence because

ligation conditions aPu i:jn etweemlmked DNA fragments
i r(n ot levints.

(intramolecular) over
Nf UAArrc
Diseases based on éltlemiloeoicﬂ_}f Jtranslocati Jeleti

duplications and otht /'\ T 1 b Ity caused by aberrant
DNA-DNA mtmuo [ASDNA interaction frequencies,
which primarily are sxte separation, ie. DNA-DNA

interaction frequenmel ate mv(xs& prm[())he linear distance (in kilobases)

between two DNA 1 i I:r@& qle ﬂ:physwal DNA template (Dekker et al.,
2002). Thus, j}.\ fr:tz new and/or physically different DNA
templates, is accnmp ered DNA-DNA interactions and this can be measured

by 4C technology.

Suitably, the second ;@Tdeéatuﬁe i at least 40 base pairs.

Cross-linking agents guc§ag hyde — can be used to cross link proteins to
other neighbouring pretej Amid Thus, two or more nucleotide sequences
can be cross-linked @]m itro}ms bound to (one of) these nucleotide sequences.
Cross-linking agents ehyde can also be used in accordance with the
ing those cmss—lmlnng agents that directly cross link .
nucleotide sequences aJe t)at,cross—lmk DNA include, but are not

fimited 10, UV it SplosEs v d, melphalan, 1,3-butadi
diepoxide, cis dlam.m(d.l i )m(II) and cyclophosphamide.
Plerg =)

Suitably, the cross—l%g}él vggrm cross-links that bridge relatively short
distances — such as &f t&reby selecting intimate interactions that can be

reversed. %-r ACC

Cross-linking may ‘&r%zf Aé for example, incubating the cells in 2%
formaldehyde at roo: uch as by incubating 1 x 107 cells in 10 mi of
( Snot ),
GICGAC' i s

(Solt),
CTOOCNANC,

present invention, i




‘WO 2008/084405

20

25

30

Preferably,
a secondary
restriction
DMEM-10% FCS @m:zeynnﬁh i%gormaldehyde for 10 min at room
e~ chosen t hat
PRIMARY RESTRICQILHE&YI\L‘Z h €

t hat
As used herein, the (ertn a:fmgre!‘bﬂ}ion enzyme” refers to a first restriction
enzyme that is used todiejtﬁle césblfk?d Hlé .
The primary mmﬁn%% Geehosaa-xepending on the type of target
sequence (eg. locus) g Ee&d’@ir It ist‘lemmmt preliminary experiments are
performed to opﬁmisﬂbi@ﬂ{n con%{) b p

The primary restrictic 5 may be selected from restriction enzymes recognising
at least 8 bp sequ Ete%gb 'ﬂe)pnmﬂry restriction enzyme may be
selected from restricﬁfm"en@lffs]retogﬁ@ at Jeast 7 bp sequences or more of DNA.

The primary restricﬁxa FWYISCTBOHI restriction enzymes recognising

at least 6 bp sequexF:es or in;re of 3& For some embodiments, the primary
rtestriction enzyme may g §l [d }rmg mgxgizymes recogising a 4bp and/or

5bp sequence of DN/S | t e.

Advant ageous

PCT/IB2008/000625

' Using less frequent qutters will j genomic -distance’ captured (covered) by
A 1

each bait.

m nimses a

Restriction enzymes m rech$Bise d b Fequences of DNA include, but are not limited

to, Acll, HindIIL, Ssg PsgEA{IJ, 4ggel, MiuL, Spel, Bell, Bcod7ILL, Stul, Scal, Clal,
Avalll, Vspl, Mfel, NdeL, Ncol, Smal, Sacll, AvrIl, Pvul, Xmalll, Spll,
Xhol, Pstl, AflfI, EcoR1, mc?btol{ 5 [l]l, Nael, BsePl, Nhel, BamHI, Narl,
Apal, Kpal, Seal, sl Uy, oD SnaBI, BepHL, BspMIT, Nrul, Xbal, Bell, Mstl,
Batt, Bsp1407L, Pif A@DQ beg@g i cal

constraints

(Ri ppe at

a). (2001)

Trends”in

Bl acken

Cri anrne 272R
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The

di gesti on
step is then
Restriotion enzymes tat@doghisOMRHE = 6|H>)€quence of DNA include, but are

not limited to BbchA‘fchﬁt, lisegrfqt L Pac T, Pme I, Sb{1, SgrA I, Swal, Sap
I, Cci NI FspA 1, Msij,ﬁb;a, érr. I Srfland Sse8387 L

PCT/IB2008/000625

For some aspects odllnelpruett gwdmon, in the case of restriction enzymes
recognizing 6 bp sequ@@IMH Hailt @ FABI are preferred.

t hat favour
Restriction enzymes that ?use 4orS uences of DNA include, but are not
limited to, TspEL ]\L.egmf:l EQDH Mael, Dpnl, Mbol, Hhal,
Haelll, Rsal, Taql, Gvil [Msel, Sth1321, Acil, Dpnil, Sau3AI and Mnll In one

embodiment, the secoildﬁte@xﬁo&@}tnei is waﬂlgxd/or Dpnll.

The term “primary restriction enzyme recognition site” refers to the site in a nucleotide
sequence that is recogGsLd !:anl @ Elelpm Iesmcuon enzyme.
ion of the

For some embodime@"%esiv*otanzytnehxe not digest repetitive DNA or
DNA that is relativel Lgiﬂfzrxﬁ:g?mid preétwe DNA. This may increase the

number of mterpretab
ends. i s

sECONDARY resTRTRf EgAngh | |
t he ILgation

As used herein, the term “seconc ction enzyme” refers to a second restriction
enzyme that is opﬁongll il restriction enzyme digestion, ligation of
cross-linked DNA, {Q-&Eslimm’ daN@6la) DNA puification. 1n one
embodiment, the seco&*y resacﬁow is used to provide defined DNA ends to

the nucleotide sequexﬁboﬁl%tnvfm? gcfvsl fop the ligation of sequences of

known Q} ,v Tes| ctlon enzyme recognition sites

that flank the nucleottg seqherices Dﬂ‘lQQ.u
I5 ng/gl.
In one embodiment, pfmeff g]rergt))f Wn nucleotide composition to the

secon restriction TEC gmtmn s it ﬂank (eg. arc at each side or end
e aat
of) the nucl volves hgatlon under diluted conditions to

reaction is
per f ormedf or

moor then 1
hr (oh Lo IEs )
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Di gesti on of
the 3C

tenpl ate

favour the intra—moWﬂaI 1 'mt lla\@en the secondary restriction enzyme
recognition sites M@Mﬂ@a@yeqmes and the linked nucleotide
sequences of interest. il.'héegetmigly reﬁltf ui thbfﬂnauon of DNA circles in which

known target nucleotide sequences flank unknown sequences of interest.

yne,
In another embodimenﬂﬁdﬁo@)ﬂ@lﬂces of known nucleotide composition to the

secondary restriction eqyw&igum sgs&)ti ?atb(eg are at each side or end

of) the nucleotide Sﬁuences of mﬁarest involves_the addition of unique DNA
sequences of known nudleotide congws%on, foﬁgxmd by ligation under conditions
that favour inter-mq eﬁg ligation between the sccondary restriction enzyme

recognition sites that !]m'k galtle(iﬁ@ﬂuences of interest and introduced unique
DNA sequences of kntwr nalﬂt@romposiﬁon

In one embodiment, t!g Jeclminl)treﬁgon enzyme is chosen such that no secondary
restrction enzyme S@:O) Ghiintathu(PRYS . 350-400bp) of the primary
resriction st and opt i onal

In another embodunent, Iher;lcgnérg r!sn%ﬂétniyng is chosen such that the same
secondary resmcnonlalzyxefsue 1f liielv & Ie located in the ligated nucleotide
sequence (fe. the lig e&tc:a*h:@etqu)me) Since the ends of the first (target)

nucleotide sequence idg sequence may be compatible cohesive

‘WO 2008/084405 PCT/IB2008/000625

(or blunt) ends, the sequences may even be ligated in order fo circularise the DNA.
Accordingly, the digeﬁig QH@J@«;Q@@ @anmder diluted conditions that
favour intra-moleculd i@efactRls ﬁgpﬁonal circularisation of the DNA via the
compatible ends. (5 | rc | es
Prefefably, the seconxr;' l‘e%‘llcllgl §nzym§rwl;mﬁite is a 4 or 5 bp nucleotide
sequence rscogniﬁonsite.t&)nptlm&t’oﬁse 4 or 5 bp sequences of DNA
include, but are not hf:u@ ro, TspEl, Maell, Alul, Nlalll, Hpall, FouDII, Mael, Dpnl,
Mbol, Hhal, Haelll, w‘, W ?/Isé gltfiil, 6111 Dpnlil, Sau3AI and Mnil.
In a preferred embodeent, Ee seﬂ' Q’y rQMoA enzyme is Nlalll and/or Dpnll.

template").

For the

anplificatio

Nn ot aoan "t
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The term “secondar;t r@tcttmagmete@nma ISje” refers to the site in the
nucleotide sequence d:rt i gc@ﬁeﬂl 81 ]@Wtby the secondary restriction
enzyme.

i de, whet her
Following the digeskCHBHUHE {ecinﬁgestricﬁon enzyme, a further ligation

bt thissligate . -
reaction is performedrfate U’I ’al L A links DNA seq
of known nucleoti uence composition to the secondary restriction enzyme
digestion site of the one or more sequences that are ligated to the target nucleotide
sequence. purified

I‘ estriction

For some emt tgeegof le the step of digesting the nucleotide
sequences with a seoond ction. e

For some emquxmeniyxmm etlmles @ga.llg Jne or more DNA sequences of

known nucleotide co; ’siﬁom aveﬂhle sicogary restriction enzyme digestion
site(s) that flank the 08 a Doalbc'euge 598111055 of interest.

MM_%M& as a
poi nt of

As used herein, thej Imﬂ I‘tetuﬂry afmitmoﬁyme refers to a third restriction

enzyme that can be opQI]ally used aﬁl seoondary restriction enzyme step in order
to linearise clrculanse I-§‘y iplific:

when placed 7
Preferably, the temart rpsqfqtd:elryme is an enzyme that recognises a 6bp or more

nucleotide recog(ﬂﬁo)ciiﬁ n d | t | ons

Preferably, the tertixA' rlgncmLytg tiLests the first (target) nucleotide sequence

between the pﬁmaxy&ys%dmsiiﬁﬁ enz@f recognition sites. As will be

understood by a skilla p ii is mle that the tertiary restriction enzyme does

not digest the first (tz& t Ei:ué 100 close to the primary and secondary
€

restriction enzyme recogumon sites suc) amplification primers can no longer

‘produc
which4s
conpl i ment ar

\7 t n
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5 steuences
PCT/IB2008/000625
ovet hangs to

hybridise. Accordingty, hEprefpeﬁ tllaxﬁBerna:y restriction enzyme recognition
site is located at Ie*t 1Re sﬁdﬂ@@c{ arvaoinm the primary and secondary
restriction enzyme rectffition rxtT]as t}f lﬂ% of the primer to be used such that the
amplification primer(s) ill hybridise. .

PRl Terat i ve,
In a preferred embodit;eh @ terptp r&sufm EnSme is one that recognises a 6-bp
sweco ¥ cONt @i N' @
The term “fertiary reCstr(l)chxJ enlilygar'egogltgn site” refers to the site in the
nucleotide sequence m&o@k&éﬂd n(ea%gy the tertiary restriction enzyme.

bi otin) that

: RECOGNITIONSII%' | oWs

Restriction eudonucle%eg@ §:z§nq lﬂla.esﬂate the sugar-phosphate backbone of
DNA. In most mcthﬁﬂ&E;t@:Ethzyme cuts both strands of duplex

DNA within a siretch@fﬁust ap@%s The substrates for restriction enzymes are
sequences of double—mdeé]ﬁﬁ&lf rgognition sites/sequences.

The length of restricﬁtntez%n Li s \gits, depending on the restriction enzyme
that is used. The l@@ R @I ¥odDition sequence dictates how frequently the
enzyme will cutin a sﬂlﬂ:wc ﬂ'_DNA. - )

By way of example, 13 n@mbe 01 m@r&:ﬂg y ne ise a 4 bp seq of
DNA. ﬁe sequencds fud tlL n&e that recognise the 4 bp sequence of DNA
include, but are not halﬁr}ghpf (FPsTEDEHCGT @yineD, AGCT (Alub, CATG
(NI2IID, CCGG (gD, i:féct CTAG (Mael), GATC (Dprl, Dpnil,
Sm3AI & Mbol), GCGC (Hbal), GGCC (Haelll), GTAC (Rsal), TCGA. (Taql),
LiAglec
|

TGCA (CviRI), TT. cb izl S Acil) and CCTC (Mnll)
S | nverse

By way of further exa@‘ERumbetoqlT@ﬁou I oy ise 2 6 bp

of DNA. The sequences gnd cogxise the 6 base-pair bp sequence of

DNA include, but :ef:oté;‘ixmﬁ to, %S?rf [¢ c[g, IAAGCTT (HindIl), AATATT
that the 1
anplif4catio
n reactions

Aaro ~arrvri oAd
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probes etc.)
are | abel |l ed
in order to

sob, acatoT @ELO1S) a8chioT {add, AcceaT (MIuD, ACTAGT (Spe),
AGATCT (Bgll), WQQEET [(Bcod7D), AGGCCT (Swl), AGTACT (Scal),
ATCGAT (Clal). AT TATER ATEAL] [ CAATTG (MfeD), CACGTG
(PmaCI), CAGCTG (évﬁhrmm ﬂex), CCATGG (Ncol), CCCGGG (Smal),
conc0s e, QPR IAGRIARE S, o0 o
CGTACG (SpiD, CTCGAS TAAS (Pstl), CTTAAG (Aflll), GAATTC
(BeoR1), GACGTC (D[ G(JTC (SacD. GATATC (EcoRV), GCATGC (Sph,

GCCGGC  (Nael), iBsCﬁ) §§ GF 81he1), GGATCC (BamHI),
GGCGCC (Narl), MAWI), G tl( , GTATAC (Snal), GTCGAC
(Sall), GTGCAC (AgaLn), &MU@% TAJETA (SnaBI), TCATGA (BspHI),

TCCGGA (BspMII), @X@Kq@h QS’TAG{OM TGATCA (Bell), TGCGCA
MstD), TGGCCA (Bﬂ_ICGWspM(WD, TTATAA (Psil), TTCGAA (Asull)

and TITAAA (AbalTp. enpl at es

PCT/IB2008/000625

By way of further exH;ﬂ, o f restriction gnise 2 7 bp seq
of DNA. The ! 3@64 J[ & 3at r ise the 7 bp sequence of DNA
include, but are not Jimg th(‘ém‘?@(SauI), GCTNAGC (EspD), GGTNACC
BstEll and TCCNGGA Pfol.

random

By way of further @zﬁpie, muﬂ@ of Bffiction enzymes recognise an 8 bp
sequence of DNA. TH ieqenkes and the enzyme that recognise the 8 bp sequence of
DNA include, but arg not kmited to T ¢Swal), CCTGCAGG (Sse8387I),
CGCCGGCG (Sse23. I),r Ltué Aggj‘gﬂ%, GLCQGGGC (Stfl), GCGATCGC
(sem, eaceeac tetn, oBecdbddFBY, Gecareece (Aseh, GTITAAAC
®me) and TTAATTYAGREC). €1 Y OF
| abel s (e

A number of these enzymes contain Ehe S G that may be methylated in vivo.
A number of restrictibn sehsil iv§ is methylation and will not cleave

the methylated saquermy Hpkﬂ @u nu%de sequence CC™GG whereas its
isoschizomer Mspl i{inéansi =Q bletlcdlﬁztnh o will cleave the methylated
sequence. Accordi L 5 Tmf;e eukaryotic methylation sensitive
enzymes are not useddmIEPLI ]é rm@ sd}é

sequences

descrisbed

her ei n,

narti ~11l arl v
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y, |abelled
nuol eot i der
can be

Tn one embodiment, a iec%&e*‘te pﬁlp&s&t sié d
In one embodiment, ia r[.]smct ouomzyrtnehegguiﬁon site is a restriction enzyme
digestion site. as CyCl es
of the 10

arRCULARSNG gl | f f uti ou

In accordance with m[e een%&tlofgnresent invention, the material for 4C is

prepared by creating la-ciges by Blshng the 3C template with a secondary

restriction enzyme, fo@xy@)l lignig. O f

PCR (n
Preferably, a semndry rﬁ:&n engme is chosen that cuts the first (target)
nucleotide sequence Q -m)bout-!-SOb];l(Q 350-400bp) from the primary
restriction site. Adv&éé@lhy&@ m]@fses a bias in circle formation due to

topological mm@mt u( (ﬁq&? il'regls in Biochem. Sciences 26, 733-40).

Preferably, the second ar'egn%!m )ng'm'b is a frequent cutter recognisingadoras |
bp restriction ysitel 'ﬁus k inpossible to obtain the smallest
restriction fragmentsgor equal amplification efficiencies of all ligated fragments
duri lificatis H '
uring amplificat on.par t i CU| ar | y

Prior to the smndz:@gmgn‘z‘y@ ggg'tglul&on, the DNA. template will
comprise one seconem fecbiRA Eite in the first (target) nucleotide
sequence located at gte:*qean @GSOWOm the primary restriction site and

another secondary enfyg ition site located in the nucleotide sequence that has
been ligated (fe in thn?t seﬁma.j jtmleogei seguesnoe).
Preferably, the scconw r@palrén@rd digi:s@ step is performed for more than
1 hour to overnight aa elw Pyaﬁiﬁc&v@on of the enzyme.

wth the

met hods

descri bed

herein tan
ho




‘WO 2008/084405

20

25

30

311 In
general, any
library may
Preferably, the m@% @Il UGIRCs purifica using conventionl
methods/kits that are kafijn ifghf jrt.

order |
Following the secon resIncthn; dlgestlon step, @ secondary restriction

bp from the primary restriction site

PCT/IB2008/000625

enzyme site will be 1
in the first (target) nadifdide at{;lexcaalyapoth ndary restriction enzyme site
will be located in thes clfmt&lse*u (ie. the second nucleotide sequence).

Since the ends of ﬂ§‘ gsp(gi)d‘tclsiohﬁ ence and the ligated nucleotide

] have cc behgatedmorderto circularise the
DNA. t he nenbers

of the
The digestion step 11 ﬂ‘enkfﬂk)\adrby.\gﬂnon under diluted conditions that favour
intra-molecular mterags?saa.nd cu'clllansa’non of thf DNA via the compatible ends.

P bly, the L Slbldza ofBed at 2 DNA concentration of about 1-
S ng/l. l'i braries
for arrayin

Preferably, the ligation reactuin ﬁlp(cj'form for mor 1 br (eg- 2, 3, 4 or more
hrs) at about 16-25 °

nucl ei ¢ aid
Accordingly, folluwn.ilg p:ewha Itaf’n@ gculansed DNA may be prepared. The
circularised DNA sites for af least the secondary
restriction enzyme IOCHPCSf ttja‘iot.he condary restriction enzymes. In
circularised DNA cl Qig Lhucleonde sequence, the primary
restriction enzyme r@Lmhog@ @aﬁslec |restridtion enzyme recogniﬁon-
sites will define thel eréef the ﬂett(beget) nucleotide sequence and the ligated

nucleotide sequencel(li § m:%:.id Im(@o§dsj sequence) Accordingly the‘ first

(target) nucleotide sequent (eg.
divided) by the pr% quml:u azgyme recognition site and the secondary
restriction enzyme efd@op € Pt | de

and protein

henries, as

wel | as

l'ibraries

AANNFrIL cl NA
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One or more amplification reacuons be éerformcd in order to amplify the 4C
DNA templates. 5 8

descrlbes a
DNA amplification nsytberpﬁatm qy a number of different methods that are
b

known in the art. For exarpple, DN, ¢ amplified using the polymerase chain
reaction (Saiki et al., h.g[n ated PCR, Qb replicase amplification (Cahill,
Foster and Mahan, 19911C11etler‘u ﬂ@mﬂ, 1‘90(5&1113& Kurnasov and Spirin,
1995); the ligase chaty yaﬂ(ﬁ ﬁe)slfm% et al., 1988; Barany, 1991); the

selftsustained sequen§ g% t;tin fyTeut(Fahy Kwoh and Gingeras, 1991) and

strand displacement amp catlon (W ell?r etal., 1992).

Suitably, DNA is ampjt;hb@cna CR” refers to the method of K. B. Mullis

.U.S. P-at. Nos. 4,68S1K§,a,f81 2%'51:*1 YGS d@hat describe a method for

the tion of a nucleotide sequence in a mixture of

genomic DNA without clonmg or purification.

ocations on

" In one embodiment, ifersB QY 9B FivErt PER (IPCR) (described by Ochman

et al (1988) Geneﬁcs\m(ﬁ, 6612? is foﬂéapid in vitro amplification of

DNA sequences that flank a gegion of wn sequence. The method uses the
polymerase chain re ). uIQt has the primers oriented in the reverse

direction of the usua]p'rengid uletelﬁiate $r h@vﬁse primers is a restriction
ﬁagment that has ban Wb}‘ Iiyelf usﬁeld circle. Inverse PCR has many

ﬁucs for ple, the amphﬁcauon and identification of
sequences flanking the efficiency and

reproducibility of thJ arllp]bc(ﬁ@-{ 1! px&eSed tgthe DNA circles are linearised
before ampliﬁcauontush@ tepfy @Si@K) fozyme.  Preferably, a tertiary
restriction enzyme ﬂfa’(ﬁ\:yéaﬂtr lno@ ﬁtter is used. Preferably, the tertiary
restriction enzyme ¢ t (tarﬁ; leotide sequence between the primary and
secondary resmcncngmgtes ‘f i

5 8374832
al so

nr N7 Aoc
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Digestion of the Sq Imeablwqh de secondary resiriction enzyme, optional
circularisation, hga n jluted conditions) and optional
linearisation of ﬁrst iﬂde sequm -containing circles yields a DNA
template for amplifi

PCT/IB2008/000625

ﬁﬁcgnnnl

For the amplification § at least two oligonucleotide primers are used in which each
plification ey »

primer hybridises to DNA sequen ﬂtj Jeotide sequences of inferest.
In a preferred embodlmeg & le gbnucleo ‘iun

ers are used in which each
primer hybridises to sequence flanking the nucleotide sequences of interest.
pholollthog-
In one embodiment, ﬂﬁﬁh“flaxﬁ in th er hybridisation means that

at least one primer hybridises to a, imgnpe ad_]acent one end (eg. the 5° end) of
the nucleotide sequende' of i int least one primer hybridises to a DNA
sequence at the othef R |(eg 2] |3’ |enYf @ the nucleotide sequence of interest.

Preferably, at least ODUWSWI."‘%CSC’ dﬁA sequence adjacent one end

(eg. the 5° end) of thy txgence of interest and at least one reverse primer
hybridises to a DNA sequence at the bther end (eg. the 3’ end) of the nucleonde

sequence of interest. \Mnl C h ang
Wod into

In a preferred embotﬂ:n?tshe thy text of primer hybridisation

means that at least one ﬁ@es toa target sequence adjacent onc end (eg the
5° end) of the nucleoﬁuen and at least one primer hybndlscs toa

target sequence at thellQ‘ ,enQQ G)?'S 2)6% gcleoude sequence of interest.
Preferably, at least od @fva‘d ll)mer hybridises to a target sequence adjacent one

end (eg. the 5° end) ff ée IWF gtg ce of interest and at least one reverse
primer hybridises to a targ sequ ihe other end (eg. the 3° end) of the

nucleotide sequence

Iabored

As used herein, the g@‘_‘pr&ﬂ refers to an oligonucleotide, whether occurring
naturally as in a pi 51 rlf‘sm st or duced synthetically, which is capable
of acting"as a point o g&m [ i % placed under conditions in which
fragment s
~oaf sanpl e
CONA or

Aanl i narnm DNIA



Br ax.

WO 2008/684405 PCT/IB2008/000625

15

20

25

30

Canbri dgn
11K _ SIi
synthmis of a primel m })rd‘lml:\l‘, \;vhichlils 41'nplementary to a nucleic acid

strand is induced, (i gyt@ tr*’;e g’ Fuacmtj and an inducing agent such as

DNA pol; and pH). The primer is preferably

smgle stranded for maxnnum ef ilsn;cy QOphﬁcauon, but may be double stranded.

If double stranded, th[mg st &Mﬁ(&%a strands before being used to
prepare extepsion prAm Re@ 4515 @ Frimer is an oligodeoxyribonucleotide.

The primer must be thlfnﬂplg deb@nﬁzsis of extension products in .

the presence of the mduc exact lengths of the primers will depend on
many factors, including temp , source of primer and the use of the method.

T er eadr ad*
Suitably, the pnmexsgeqe e\ gy &gably at least 16, 17, 18, 19 or 20, for

example at least 25 Op fot?ﬁ.rh\ . Preferably, the amplification
primers are from 16 m 3 nucleondes in Jength.

Preferably, the primegs are, dqslgped 19 be @glose as possible to the primary and
secondary restriction tchEnﬁ)‘aﬁtes that separate the first (target) nucleotide
sequence and the second (captured) mucleotide sequence. The primers may be
designed such that they are within about 100 nucleotides - such as about 90, 80, 70, 60,
50, 40, 30, 20, 10, 9, 8, 7, 6, 5,4, 3, 2 or 1 nucleotide(s) away from the primary and
secondary Testriction enzyme recognition sites. :

Suitably, the primers may be designed such that they partially or completely overlap
the primary and secondary restriction enzyme recognition sites.

Suitably, the amplification primers are designed such that their 3” ends face outwards
towards the second nucleotide sequence.

n one embodiment, the amplification may be combined with the addition of additional
sequences to the ends of the ampliﬁed products. Preferably, these additional sequences
are adapter sequences required for high-throughput sequencing. Suitably, primers
comtain an overhang (eg. a 5 overhang). Suitably the overhang adds part of, or the
complete adapter sequence required for high-throughput sequencing. Suitably, primers

50
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contain an overhang legrl@ Dva-hhﬁhﬂl adds part of, or the complete sequence

used to prime the squchhﬁ throughp ing. A dingly, in
one embodiment, the eﬁgerlap partially or completely with the primary and/or
secondary restriction xecogmtlon sites with the adapter and sequence-priming
sequences added as er. In addition or in the alterative, the

primers contain a cm:@ez *oxhtyr(eslf(]t;n) that allows subsequent scparation of
PCR products from Wmic 4C template.

If the amplification n%ponng? § 4nLLrQ §3E then it is preferred that the
amplification reacho emQ Q(& ]0@9 ng of DNA of 4C template
{per about 50 ! PCR@@@ @x) or other amounts of DNA for which replicate PCR.
reactions. give reproducible results (see Figure 1) and include a maximum mumber of

ligation events per PCR reaction.

Preferably, the inverse PCR amplification reaction is performed using the Expand
Long Template PCR System (Roche), nsing Buffer 1 according to the manufacturer’s

instructions.
SAMPLE

The term “sample” as used herein, has its natural meaning. A sample may be any
physical entity comprising DNA that is or is capable of being cross-linked. The
sample may be or may be derived from biological material.

’ﬁie sample may be or may be derived from one of more entities — such as one or more
cells, one or more puclei, or one or more tissue samples. The entities may be or may
be derivable from any entities in which DNA — such as chromatin - is present. The
sample may be or may be derived from one or more isolated cells or one or more

isolated tissue samples, or one ot more isolated nuclei.

The sample may be or may be derived from living cells and/or dead cells and/or
nuclear lysates and/or isolated chromatin.
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The sample may be OEMG ('erived from di d and/or non-di d subj

The sample may be ogﬂ’zl_y%a'der%/e? t'roxﬂ- agxbject that is suspected to be suffering

from a disease.

The sample may be or may be derived from a subject that is to be tested for the
likelihood that they will suffer from a disease in the future.

The sample may be or may be derived from viable or non-viable patient material.

The fixation of cells and tissues for use in preparing the 3C template is described in

detail in Splinter ef al., (2004) Methods Enzymol. 375, 493-507.
LABEL
Preferably, the nucleotide sequences {eg. amplified 4C DNA templates, primers or

probes efc.) are labelled in order to assist in their downstream applications — such as
array hybridisation. By way of le, the 4C DNA lates may be labelled u'sing

random priming or nick translation.

A wide variety of labels (eg. reporters) may be used to label the nucleotide sequences
described herein, particularly during the amplification step. Suitable labels include

& 1id 1l hemil or ch ic agents as well

as cofactors, inhibi ‘, ic particles and the like. Patents teaching
the use of such labels include US-A-3817837; US-A-3850752; US-A-3939350; US-A-

. 3996345; US-A-4277437; US-A-4275149 and US-A-4366241.

Additional labels include but are not limited to B-galactosidase, invertase, green

hl 1

fluorescent protein, luciferase, ], acetyl fe B-gh id:
exo-glucanase and glucoamylase. Fluorescent labels may also be used, as well as

fluorescent reagents specifically synthesised with particular chemical properties. A
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wide variety of vmyeto ; 1l are ilable. For le, some
fluorescent labels exfiblt]d ci@pke [5) excitation or emission spectra, some exhibit

resonance energy um&envﬁ[e ﬁﬁliorﬁ:ent reporter looses fluorescence, while a

second gains in flug 1(::1 mt:xe exhibit, a loss (quenching) or appearance of

fluorescence, while solfic
Phannaccutlc
In order to obtain st&cie@Ml for labelling, multiple amplifications may be

pooled, instead of lpliea@?tb éu[nbé Cfta.tfp jfication cycles per reaction.

Alternatively, labelled nucleotides can,be incorporated in to the last cycles of the
amplification macﬁmQQ.rS(J cﬂ Jf Bg(no label) + 10 cycles of PCR (plus

label)). <=1000( evei

e nal i 2

= 10, 000) ol i go

In1 particularly adveltaEaurERbodiment, the 4C DNA templaes that arc prepared
in accordance with flermagmﬂii SO be hybridised 1o an amay.

Accordingly, array (sg Blfro é:-dmology can be used to identify nucleotide

sequences — such as genm fgruemb kY fleqllxen d' share a nuclear site with a

first (target) oucleotide sc

Existing arrays — such as expression and. genomic arrays - can be used in accordance
with the present invention. However, the present invention also seeks to provide novel
arrays (eg. DNA arrays) as described herein.

11

An “array” is an ly created collection of nucleic acids which can be

prepared either hetically or bi hetically. and d for biological activity in

a variety of different formats (e.g., Libraries of soluble molecules; and libraries of
oligos tethered to resin beads, silica chips, or oﬁer solid supports). Additionally, the
term “array” includes those libraries of mucleic acids which can be prepared by
spotting nucleic acids of essentially any length (e.g., from 1 to about 1000 nucleotide

monomers in length) onto a substrate.
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Array technology am;I.tﬁL yartous tg\.hlq;lb&d B}&aﬁuns associated with it is
described generally in:b@erous textbooks and documents. These include Lemieux ef

al., 1998, Molecular wilng% f762f9ﬁld23";nd Davis. Parallel Analysis with
ds Manual

Biological Chips. in PCR Metho: Innis, D. Gelfand, §. Sninsky),
Schena and Davis, BQ rGe$ep gl[orxe |a;ﬂ g:B In DNA Microarrays: 4
Practical Approach @M. Schena), Oxford University Press, Oxford, UK, 1999),
The Chipping Foreuﬁt FN{nuie er'cs u)ﬁﬁissue; Jaruary 1999 Supplement),
Mark Schena (Ed.), ff Haay sz;]hxp Ter m? (Eaton Publishing Company),
Cortes, 2000, The Sctentzst 4[1 S Gwynne Page Microarray analysis: the

next revolution in mzﬁ L;] lt};ﬁﬁ&mSw gust 6; and Eakins and Chu,
1999, Trends in Biote@plldey B 218
Nblecm

Array technology o with traditional methods in molecular
biology, which gen one gene in one experiment™ basis, resulting in
low throughput and tF Llﬂ.@ m@m ‘Wﬁ picture” of gene function.
Currently, the mmorg)@@xmgc@@@tecllnﬂogy include the identification of

sequence (gene/genc the determi of expression level (abund )

of genes. Gene expressiqn [mﬁlmg may make use of array technology, optionally in

combination with lzcﬁisuem(lehs by 2000, FEBS Lett, 480(1):2-16;
Lockhart and WinzfJ:€ £300, O'Rde @se7st):Qy-836; Khan et al, 1999,
20(2) 223-9). Other Wﬂs 6 ﬁmy g&fmgg also known in the art; for

gen: (Marx, 2000, Science 28%9: 1670-1672; .
Scherf, et al, 2000, %a.t (jtgﬁ) :236-44; Ross et al, 2000, Nat Genet. 2000
Mar;24(3):227-35), SNP- m ONAS [Bcience, 280(5366):1077-82),
dmg discovery, ph@:tacgenoﬁcp Glbe dlagmsm (for example, utilising
microfluidics devweWeTm ?qmg ﬁsdebruxry 22, 1999, 77(8):27-
36), toxicology (Rocket Dix (2000), Xenobiptica, 30(2):155-77; Afshari et al.,
1999, Cancer Resl;@ZQ):A”ﬁi) ngenumics {a hybrid of functional

genomics and molecufarfmrllo@A a D’\IAS

In general, any library may be arranged in an orderly manner into an array, by spatially
separating the members of the library. Examples of suitable libraries for arraying
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include pucleic acid li&rénﬂmalllAﬁl?NA, oligonucleotide, cte libraries),
peptide, polypeptide @ai)roieilf le‘alneﬂ 'Fsaell as libraries comprising any
molecules, such as lif {byari ong o]

N 4B
The samples (e.g., mMJ:g)H iib;ary) are generally fixed or immobilised onto a
solid phase, preferabgaJo]ih ,"to' lihtaih*ion and admixing of the
samples. In a preferail elFBde@Jt, f.lbetfs of DNA binding ligands may be

i)repared. In pamaul libraries may be-immobilised to a substantially planar solid
N ) ST oW1 0 .
phase, including membranes and nob-porous suf such as plastic and glass.

‘WO 2008/084405 PCT/IB2008/000625

Furthermore, the sam] Emferm in such a way that indexing (i.e.,
reference or access t&rrp.tlcuaf sbgj:) 1@@% Typically the samples are
applied as spots in a %ty.nnmn. mn assay systems may be adapted for this
purpose. For example, an array may be immobilised on the surface of a microplate,
either with multiple saQ)g FxL a Qlﬁ or%n single sample in each well.
Furthermore, the soli y& F L such as a nif Hul

membrane (for exawq i;nee\*w:es asrdc) blotﬁng experiments). Alternative
substrates include gk T il qed ubﬁr tes, Thus, the samples are immobilised
]l wN i

by any suitable methe art, for example, by charge interactions, or by
chemical coupling to ﬁ_w or Qtrm:aa)e wells, or the surface of the membrane.
Other means of ar:anﬁlhﬂld F}@ may be used, for example, pipetting, drop-touch,
et et
e case of silicon-] asac és\l}ct01 0gTa) ay be utilised to arrange an the

: enttualrty

samples on the chip. .
- 00, 000) dig.
The samples may be g@@ MQQOM’NH I:he solid substrate; this may be
done by hand or by 16]6 g % 1 osit the sample. In general, arrays
may be deseribed as Qﬁr 'crﬁr?yisthe difference being the size of the
sample spots. Macmm&aiy aimiZsﬁtle Lp(gizes of about 300 microns or
larger and may be eﬁy u{na@ byz)@&@o@bkn scannets. The sample spot
sizes in microarrays ﬁtypw:illy&btéxk%ﬂ microns in diameter and these arrays
usually contain thousBds of_ﬁstr %xs, micl may require specialized robotics
3 CONAS :
| i kocenconne

pro,o,%.",c

or nylon
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and imaging eqmpmN]WN;mt JS&; to be custom made. Instrumentation is
described generally m@h@mmgog, The Scientist 14{11]:26.
robed with

Techniques for proae:mg immobilised libraries of DNA molecules have been
described in the art. gerrQy-, n[(]sgriogxmethods described how to synthesise
single-stranded nucleikai:idtn@de li&aiml fd:xample masking techniques
to build up varicus p?'mils ésieqen_c&s at the various discrete positions on the
solid substrate, U.S. Patsﬁ iNoC 37,832 describes an improved method for
producing DNA arrays fmmobilised to_ silicon substrates based on very large scale
integration technology- A;micu;ar,, UJS. Pagens No. 5,837,832 describes a strategy
called “tiling” to sym%lsp@iﬁc Ad; otp@?s at spatially-defined locations on a
substrate which ray l{Emprfdltﬁt tlrﬁrmﬂ;iliscd DNA libraries of the present
invention. U.S. Patcui I\NWZ amprgides for earlier techniq

that may also be used,

nact -
Arrays may also be b\!lt ey g('to miﬁoacpeqw.
Arrays of peptides (og:p-ep;iddmi'melﬁc!) Q}Q@ be synthesised on a surface in a
manner that places each distinct lbrary member (e.g., unique peptide sequence) at a

discrete, predefined location in the array. The identity of each library member is
determined by its spatial location in the array. The locations in the array where binding

interactions between a predetermined molecule (e.g., a target or probe) and reactive
Iibrary menbers occur is determined, thereby identifying the sequences of the reactive
Tibrary members on the basis of spatial location. These methods are described in U.S.
Patent No. 5,143,8v54; WO090/15070 and WQ92/10092; Fodor et al. (1991) Science,
251: 767; Dower and Fodor (1991) 4nn. Rep. Med. Cheh., 26:271.

To aid detection, labels are typically used (as discussed above) — such as any readily

detectable reporter, for le, a fl biot hosph
radjoactive, efc reporter. Such reporters, their detection, coupling to targets/probes, etc
are di d elsewt in this dc Labelling of probes and targets is also

. disclosed in Shalon ef al., 1996, Genome Res 6(7):639-45.
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Specific examples of m@s Aps ﬂﬁh»y
Format I: probe cDN. lqngis u:ij;hzed to a solid surface such
as glass using robot m % ets either separately or in a
mixture. This metho(;\bmdﬁ EO{Sl&y gs having been developed at Stanford
University (Ekins and Sy, {89y s in Biotechnology, 1999, 17, 217-218).

‘WO 2008/084405 PCT/IB2008/000625

Format II: an array of %igonuc%t%e-s (ZO-JS-mer oligos, preferably, 40-60 mer
oligos) or peptide nucg aJid I&) probes are synthesised either in situ (on-chip) or

by conventional synth%l%ke@@&ilﬂm@:ﬂl@non The array is exposed 0

labelled sample DNﬂB é?mhseﬁ,/&d the identity/abund of y
sequences are determ d by Affymetrix, Inc., under the
GeneChip® trad also provide suitable arrays (eg.

geuouucnlmgarmys)sp M C:hl
i ot onol i o,

Examples of some rcially pval zrle microarray formats are set out in Table 1
below (see also Marslﬁs d Hodgson, 1998, Nature Biotechnology, 16(1), 27-31).
or

pan

Protufd U S

Company Arraying method Hybridization step Readout

monbcironebY
% s Gn-cmij

. ! 0,000-260,000  oligo
Abmers, 0 '!xth i ~ - - Mettures  probed  with
_Cl—n;a, GeneChin® mer oligos onto ] labeled 30-40 umcleotide Fluorescence
California Geneld - | silicon wafers, which | fragments of  sample
are diced info 1.25 | cDNA or antisense RNA
cm’or 5.25 cm” chips
Brax, T 1000 oligos on
Cambridge, Sho:; s.yn;het; ;ilgo, “unjversal chip” probed Mass spectrometry
UK synthesized OFFCUP | with tagged nucleic acid _
Gene [ ogic,
Inc., ™
Columbia, | READS
Maryland

Genometrix
Inc., The | Universal
‘Woodlands, Arrays™
Texas
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ot il Iy
GENSET 1~ L=y J
Paris, France i ok A
L W VT N E T T ey —m
W samplgs printed_onto mm 8,000 7-mer
CIM e GBS | sol\hcmies & | cusnne
Hyseq__Inc. <= @mx{ﬂb 8m BMM with 300 7-
Sunnyvale, HyChip™ ]]iiembhmes C Ter ‘oligo {Gene
California - i )
SPRLS. PLLEEIY 100 oo |
H oljgos printed as 1,15 | spots probed 10 kb
W amrays onto glass | sample cDNAs, labeled
i 5-uer oligo, and ligase
. P .k
evle ZUL L 5.8 UM Flioos  oventmaty
Pharmacentica § ! h PCK | 10,0000  oligo/PCR | Fluorescence  and
Roine. Fale on-chip | fragment spots probed | radioisotope
e thesis of oligos ith labeled RNA
California
Caliomia safpre e DNAS
Dynamics, 8 0 ~10,000 ¢DNA  spots
Inc.. Flm mwﬁa‘ﬁ‘ tp‘mbed with 200-400 nt | Fluorescence
Sunnyvale, ® ~10 e’ op glass shide | labeled sample ¢cDNAs
Califomia Er 6iYBH
Prefalricated —20-mer | 25, 64, 400 (and
G4 B L &
Nanogen, San S"mi"ga O;Igo e spors on [aets yullg;?z(ﬁl) T
Diego, tor o rﬁw pots | :,l;hance Ifybri dization to Fluorescence
California M i mﬂiﬂ 200400 nt  labeled
NN s~ 1 1 ! | sample cDNAs
T s :
Protogene ?ﬁﬂ'\'}mﬁeﬁ of | 8,000 _d:;ligo spots
G | VRETSERT AW 0 20400 | e
Palo Alto; P eled sample nucleic
California ing to 2 surface- /4
4 Gesion
Sequenotn, 250 locations per
Hamburg, - -printing  of A
Germeny, and | M h mkay; und: 20.25- | SPO% “Ch’d‘; '“'bf]f“’ga"edd Mass spectrometry
San Diego, Sp g - aser desorbtion am:
California - vl “ 'I" : ﬁyecﬁomen'y
Synteni, Inc., B _Na =10,000 cDNA spots
Fremont, UniG bed with 200400 nt | Fluorescence
i ~ W}a Iabeled sample cDNAs
Homo™ _
Sﬂp' i s 5
Nimblegen Wh’:ij r mﬁﬁg@ S 5-micron scanning
Systems Inc., Gen . platform
. 101 17.4mm x 1.
Madison stmer 1 5
. )
Mlmam hihe o naok
The German PT bbb T
Cancer chij ¥ S
N N 1,000 spots on a | Fluorescence/mass
Heidelberg, robes using fmoc or
Germany | alfiademio
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Table 1: Examples ommlmhﬁdizaﬁon microarray formats
Conner
In order to geperate dqt-aaqmtn‘phastd @ays a signal is detected that signifies the

presence of or absch_Rf yb&ﬂ.&aT §:§ probe and a nucleotide sequence.
ct h i i

The present invention er contemplatgs inflirect labelling techniques. For
example, direct Iabe@ rescent dyes directly into the nucleotide
sequences that hybridREo @m@M&g_, dyes are incorporated into
nucleotide sequence lryl J s it ce of labelled nucleotides or
PCR primers). Di Igbglling schemes yield strong hybridisation signals, typically
using families of fluorescent dyes with similar chemical structures and characteristics,
and are simple to mﬁu@ﬁ&@rtd hle&lems:ompnsmg direct labelling of
nucleic acids, cyamn@rf alexalawb & Sﬂlsed in multiple-fluor comparative array
analyses. In other ﬂxg lg ‘ schemes can be utilised to
incorporate epitopes into the c acids elther prior to or afier hybridisation to the
microarray probes. OQ [r 1m0} Mggcedu:es and reagents are used to label the
hybridised complex QMMSc&ttmneyle that binds to the epxtopes, thereby

providing a ﬂuorescﬁlsi%‘ b‘TTEJe ﬂ_ﬂxe@@u@ﬁm of dye molecule to the
epitope of the hybridisdo)tji@. non !
Data analysis is also g mr[mpa&an e)Seﬁanmolving arrays. The raw data

from an array experi@¢® typically are images, which need io be transformed into
matrices - tables w}gap@ ' fxr:y genes, columns represent for
example various le: ssues or experimiental conditions, and numbers in -
each cell for mﬁ%ﬁm&& on of a particular sequence (preferably,
a second sequence Lﬁtm lpted to the first (farget) nucleotide sequence) in the
particular sample. These matrices have to be analysed further, if any knowledge about
the underlying biological p is to be d. Methods of data analysis
(including supervised and unsupervised data analysis as well as bioinformatics
approaches) are disclosed in Brazma and Vilo J (2000) FEBS Lett 480(1):17-24.

PCT/IB2008/000625

As described herein the ope or more nucleotide sequences (eg. the DNA template) that

are labelled and subsequently hybridised to an array comprises a nucleotide sequence
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Tabl e 1:

Exanpl es of

currently

that s enriched for s@MVe@bnds P kndD with a distinct signature ie. spamning

the nucleotide sequehyebﬁnithdiimmttﬁi:ﬁ@enzyme recognition site that

was lig-a’oed d'nring thﬁC prﬁdléelw &arﬁgtﬁyuchjo-ﬁdc -sequence, and their

respective nmghbounfg lsecF]ndérf reétnmim F]nzyme récognition sites.

A single array may c(ﬂ;ﬁisdﬁifple (&. o or more) bait sequences.
generate

CHROMSOME MAP[' a.t a f rom

There is further desd iheneiya'maxa S8, the characterization of DNA

fragments cmss-linke&a&@)%l@ce ofheir spatial or physical proximity, for the
purpose of the (re) i mf chr(im(g)me maps (eg. linear chromosome maps)

and the diagnostic idexdienefione oé c%anéescir these chromosome maps.

Advantageously, sucﬁ'. mtes can be applied for diagnostic purposes — such as to

reconstruct physical S‘P"gﬂf rtfapf aeg jdentify changes in these maps as a
of

wence e E i esence

The methodology ca:gﬁo beQ{d to identify (natural) genomic varigﬁon that is not
necessarily associaletazbsw By p@iﬁpﬂse a subject to a certain trait {eg. 2
mental or behavioum]ftfy')b r,l d | IS at | o
In one aspect, theren is ppogld M@ for ansrrucung at least one linear
chromosome map of p EdQMOmaﬂﬂe stas of: (a) providing a nucleic acid
sample from said mﬂv@@l(be:@t-hpkjd ee nucleic acid in said sample; (¢}
digesting the nucleirgué' g aeyﬁ'n 6}! strictigny enzyme; (d) ligating the cross
linked nucleotide s: ce‘gt(t')l reversingeheé cross linking; (f) analyzing the ligation
products; (g) constitﬁl)aﬁeasnonc lfggcﬁﬂctwme map; and (h) identifying one
of more genomic realhxﬁk{e& Htxellin&ﬂnomosome map of said individual.

further
In a further aspect, thege i ided iEi for :E osing a disease or identifying a
trait caused by one Ogelgeﬂzljnﬁ(ﬁ Iﬁ lemg' g'uta chromosome comprising the
direct and

I ndi r ect

| abel |'i ng

+ Aarl M Aliac
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The

nmet hodol ogy
can al so he
steps of: (a) digestirkl S8 of Qsinked DNA with  primary restriction
enzyme; (b) ligating thedr@ﬂtkﬂﬂ xfucymde sequences; (c) reversing the cross
linking; (d) ana]ysm( tﬁ aT“fﬂ rprta.\ftz (e) constructing at least one linear

chromosome map; (f) id one or mor€ genomic rearrangements in the linear
chromosome map; mggéuﬁxﬁm th ‘one or more genomic rearrangements with a
disease or a trait. varl at | on

That is nut
PROBES 2 O
As used herein, ﬂm@ﬁ@%%ﬁ]wl Yoolecul (e.g., an oli leotid
whether occurring SIS @Cd} atu@@ restriction  digest or produced
synthetically, recombxwﬂytor” P(a ngi'@alg t@t is capable of hybridising to
another molecule o interfst (e.g., another oligonucleotide). When probes are
oligonucleotides they ma%t’lbe séfi@b{ded or double-stranded. Probes are useful in
the detection, idenﬁﬁ%n% lols@({ap%ﬁﬂar a'gets {e.g., gene seguences).
As described herein, gsljtbim]e@ F:at pt)b@usean the present invention may

be labelled with a ]abe& e in any detection system, including, but not
limited to enzyme (g.g., Eai:]e well as enzyme -based histochemical assays),
fluorescent, tadloacmL scen£ ems

a mental or
With respect to anajh etnmmvryr q'wim é'obe” is used to refer to any

hybridisable maten mﬁéﬁ to the y for the purpose of detecting a
nucleotide sequence that d {o seid pmbe Preferably, these probes are 25-

60 mets or longer, one as p e Ct
thew is
Strategies for probepirma\f:r a@ad laW095/1 1995, EP 717,113 and
W097/29212.
met hod for ~
Since 4C allows an uﬁ&ﬂg&&nmisdmmg interactions, it is advantageous
to prepare an array wia]trobesliueag?lg everpppysile (eg: unique epetitive)
primary restriction gxﬁ/?le ﬁégg.t'}on site in the genome. Thus, array design only
chr onosone
nmop ofe as
i ndi vi dual

AANNFrIL cl NA

PCT/IB2008/000625
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Si nce 4C
all ows an
unbi ased

depends on the choigepimmﬁcw e@& and not on the actual first or
secondary nucleotide S@&E. C h f or
i nteractions

Whilst existing arrays can. be used. in_accordance with the present invention, it is
preferred to use alterffative gnralﬁo§.

advant ageous

In one conﬁguraﬁon,gzaxr bes on the array are designed such that they can
hybridise close to the snes that are dlgested primary restriction enzyme. More
preferably, the probe (é)pof the primary restriction enzyme
recognition site. Moraareftmaf, e Mﬂe(; ahwﬂhm about 50 bp of the primary
restriction enzyme remrc@bte "

I nter

Suitably, the probe(s) are within ab out?gvpa(eg about 0-100 bp, about 20-100 bp)
of the primary restri eth gymm site.

possi bl e | ay
In a preferred oonﬁgl.afﬂ, aq:@gxtth,@tbeh ﬁsigned within 100 bp at each
side of the sites that ate Pfeéfl bly ttne F!i\lyz%xjstricﬁon enzyme.
In another preferred paxﬁéur[m Eheyaosiﬁnns of sites digested by the secondary
restriction enzyme mﬁteg t:erpnpm@{oq 51 ffipested by the primary restriction

PCT/IB2008/600625

sites are taken into nfiguration, a single, unique, probe is designed
only at each side of the s1tes ested hy the primary restriction enzyme that have the
nearest secondary re c CO; ‘lionQiQat a distance large enough for a
probe of a given I&Ih to e démﬁd II l'la\&n the primary and secondary
resttiction énzyme i site lu-ﬁh H@m‘aﬁon, for example, po probe is
designed at the side oglpafuﬁrynmdyé e recognition site that has
a secondary restriction enz;im ognition site wit bp at that same side.

In another conﬁgurad)@ f&@rﬂ@ & theGrf@) are designed such that they can
hybridise at either sut riff.E sitee‘llq G’Id”ﬁs@ by the primary restriction enzyme.
f:t:l;li;:mgle prob ft each sige -of W restriction enzyme recognition site

res t riction

engi ne: and

rlot on the

Aartiial fi ret
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t hen be used

WO 2008/084405 PCT/IB2008/600625
to
i nvestigate
the stone

In yet another confi; o T §no; bes (eg. 3,4, 5, 6, 7 or 8 or more) can be
1“@11“}

designed at each 51 n enzyme recognition site, which can
then be used to inve: e same 1 on event. For the number and position of
probes relative to fﬁﬁy fﬁ)z%)c recognition site, the exact genomic
location of its mxghb&ﬁ@iconpxﬂ&i nlen@rlarewgniﬁon site can be taken

meacomt of 5 probes
relative

In yet another configuration, two or more probes {eg. 3, 4, 5, 6, 7 or § or more) can be

designed near each @!argxbmcm Jzymayﬁon site irrespective of the
nearest secondary resﬁc@@:tzyl‘heite@gﬁitim@ﬂln this configuration, all probes

should still be close i triction enzyme recognition sites (preferably
within 300 bp of the restriction’site).

recognition
Advantageously, the ﬁt&r &s@l ant ah@e design that uses 1 probe per (side of a)
primary restriction e@xaaeeytmmngﬂ,@m te use of different secondary
restriction enzymes inlcoBbBagt viith égﬁen pé'nr;ry restriction enzyme.
Advantageously, the l]sa.Ioﬁnultiple {eg. 2,3,4,5,6,7or 8 or morej probes per

primary restriction elﬁ’@i regdﬂtb@kl raul mﬂ@e the problem of obtaining

false negative resuhs Ffﬁ f individual probes. -Moreover, it can

also increase the xehab ta obtain th a single chip experiment and reduce

the number of arrays reqée f Etcl]ly(s) md conclusions.
enzymne

The probes for use the.@@g P‘f Fr%lq' t@lﬁ) nucleotides in length and may
be iso-thermal. H

o Ssite canter
Preferably, probes co&a@ngrg itive I)I\Q qugnces are excluded.

account In
Probes diagnostic fo strict] iﬂthh@ftly flank or are near to the first

nucleotide sequence g}.lj f{eléfmug 6vbndxsahon signals and may

also be excluded fmm 3 pro e desi;
n, two or
nor e pr obes
(eg 3,4, 5,

7 Ar 9O Ar
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enzynes -
such asErogh
BA L and
Not| - that

The array may cov including mammalian (eg. human, mouse (eg.
TOVET

\a
chromosome 7)), verigbsate ée. 3 zzbraﬁsh%;, 7 .non-vertebrate (eg. bacterial, yeast,
fungal or insect (eg.e];toI}Jhx aﬁg%l 3 Io I an

or non- 1 n°-

In a further preferred Waqmaﬂe qma:ﬂtmns 2-6 probes around every unique
primary restriction si zhaU;hsE possi the site of restriction enzyme
digestion. ‘g é . ﬁlf té
provi ded.
Prefersbly, the maxihNGI M@ forR) @O Uk Griction enzyme digestion is
about 300 bp. | y , t h e
esi

In a further preferreg embochmrg [} theo ptesent invention, arrays for restriction

enzymes — such as Hitle @oRl&El[{aralyts that cover the mammalian or non-
mammalian genomes d@'@l@f" Aiivb@dsly, the design of the arrays described
herein circumvent thhéc’rt%erdﬂﬁlgn arrays for every target sequence, provided
analysis is performed in the same species.
et T R vent
sersorpropes £ he need to

re-design
As used herein, the ~‘sef of 0 2 suite or a collection of probes that

rf

7 X
hybridise to each one of the prim r&striliou ‘enzyme recognition sites for a primary
restriction enzyme in gga(;ner y
-t ar get

Accordingly, there issr i 1}3@ ﬁr&e@spem, a set of probes complementary in
)

sequence to the mucleic ?‘mdo svulenca ad'sacint to each one of the primary restriction

PCT/IB2008/000625

enzyme recognition sgs fora on enzyme in genomic DNA.

analysis is
Suitably, the set of prf@efe for@ingaamy @ seaperpoy to the first 25-60 (eg. 35-60,

45-60, or 50-60) or f)oﬁ é\clegda e adjacent to each one of the primary
restriction enzyme recognition sites in genomic DNA. The set of probes may be
complementary in st§uQ§ Q !JneQe? wither) side or both sides of the primary

ala(flit( ES

20 As ‘used

herein, the

+tarm "ot AFf
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P ni gher
enbodi nent s
of the

restriction enzyme m&ﬂuﬁ Sfe}{a:trdmgly, the probes may be complementary in
sequence to the nuclelc ﬁt\ﬁ@lﬁ@ qd]@ﬂeach side of each one of the primary
restriction enzyme rectgf?@ smesnéhf gemﬁuf DNA.

It is also possible to dm& (e@&)@or less — such as 250bp, 200bp, 150bp
or 100bp - from the pwmil;ﬁ@ mﬂtcoaifon site) in which one or more

probes for the set can be :fsieed. tSfaPéctors that are important in defining the
window within whxc bm are, for example, GC-content, absence of

PCT/IB2008/000625

palindromic sequences that m su'uctmes maximum size to stretches of a

single type of nucleotdh a'lord.uklysr.be Iset%SxSes can be complementary in
sequence to the nuclic h@ﬂucng @Os 1% p.n 300bp from each one of the
primary xessction enfype Ry EIArmomic DA

It is also possible to Qﬂe_@ WI.QIN of me%o bp from the primary restriction
enzyme recognition sjpﬁ &d&mﬂyy optimal probes near each restriction site.

resident:in

In farther embodime invention, the set of probes are complementary
less y

to the sequence that bp from each one of the primary restriction
enzyme recognition iﬁm q[}ﬂl 1.0 y to the seq that is
between 200 and 300$pi fntm@@ onel offfhe primary restriction enzyme recognition
sites in genomic DN, G ﬂwlrnfnt@' to the sequence that is between 100 and
200 bp from each ontjmrimary restriction enzyme recognition sites in genomic
DNA. : -

conpl enent ar
In further embodlmexy of tte@esett xliYe:lon the set of probes are complementary
to the sequence thatg é} PJ Weygﬁom each one-of the primary restriction
enzyme recognition nomic DN. lementary to the sequence that is
between 0 to 200 bp Mum Af 'restriction enzyme recognition sites
in genomic DNA amh)le&nm@ﬁm t@ &@nce that is between 0 to 100 bp
from each one of lhﬂﬁdy re%’@@ recognition sites in genomic DNA
(eg. about 10, 20, 3.? ?_0 0, 70, 80 0 bp from cach one of the primary

restriction enzyme recognition stes ill génomic DNA) .

one of the

primarsy

wari er on

ON7Z\/rnmMm
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25 100, 000

WO 2008/084405 PCT/TB2008/000625
or about
1000- 100, 000
cell s axe

Two or more probesen@ m Fﬁigned-ﬁhe capable of hybridising to the
sequence adjacent i jetior e jtion site in the i
i “&Eﬁ?f?ﬁﬁ?ﬂ

cells is
The probes may overltpy prhalﬁ aehaj) ythe at)es overlap then the overlap is
preferably, less than IP nela'get a b ou t
0.

PCR fragments repres!ﬁanQE kst 1-300 nucleotides (eg. 1-20, 140, 1-60, 1-80, 1-
100, 1-120, 1-140, I-MJSQIQQ, $-220, 1-240, 1-260 or 1-280 nucleotides) that
flank each primary mlx@&?z@%m@{km can also be used.

1, 000, 000 .
PCR fragments may aiso bt d as probes that exactly correspond to each genomic
site that is flanked &tgm resm.iol el;ym!]ecoguiﬁun site and the first
neighboring second &mﬁq&ﬁﬂ{ @ognition site. A dingly, the probe
sequence may cunesexentll iormeetf eersequence between each one of the
primary restriction crryﬁ: reggﬂ jon_sites and each one of the first neighbouring

striction i

dary restrictior jon sites.

supports, v
Typically, the pmbeﬂ:*ml' of @@sl o)I s of probes will be immobilised on a

support. Supports (egg@uppﬂﬁcetf i é d/anety of materials - such as

glass, silica, plastic, nyloh or nitrocellulose. Supports are preferably rigid and have a
planar surface. Supports tyqulplQ/“r bout 1-10,000,000 discrete spatially
addressable regions, mcex.tsllpbl;nﬁsn‘ng@lfmt 10-1,000,000 or about 100-
100,000 or about 1oop1po@ybessm o@yfuon. Fye depsity of cells is typically at
least about 1000, 10,g)(é 0,001 1,000,000 cells within a square centimeter. In
some supports, all cells are occupied by pooled mixtures of probes or a set of probes.
In other supports, 50 h pied bJ pmled mixtures of probes or a set of
probes, and other cel® treh@]ﬁed, at least to the degree of purity obtainable by

synthesis methods, byg sﬂ% p@f—oltgchfleoﬁde.
some mlls
are occupi ed
by poai ed
m xt ures of

nrnahoae Ar A
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10 spotting
reagents on
to a sunmmon
Preferably, the a:myUeSribemlgein Qlbrisds MK han one probe per primary
resfriction enzyme rjmeltlon sp Mmm T.Efasa of a 6 bp cutting restriction
enzyme occurs, for (xgxg,capproxxfxas%. 750,000 times per human or mouse
- exanpl e, EP

For a restriction enzyzaeg&%}s bp reloﬁuon sequence, a single array of
about 2 x 750,000 prtbhtel becsﬁhtove)’eltexan}ple the complefe human or

mouse genome, with B)Tobe ateaﬁ: side of each restriction site.
) e

PCT/IB2008/000625

In a preferred array (@iEu,eq tofal %m of probe molecules of a given mucleotide
sequence present on ihew@ G} %rgie @;ﬁ to homologous fragments present in

the 4C sample to bathyﬁlg.ed Given the nature of 4C technology,
reglons close to.the ml:]yzed nucleotide sequence on
the linear chromatin temﬁl\U\Ql «l;mlss e 4C hybridization sample (as

described in Flgu:e Zy To Qbtaild &tumm@ fmformatlon about hybridization
efficiencies of such b@gg 'it may be necessary to reduce the amount of

sample to be hybris e- mynher of molecules of a given
oligonucleotide sequeuce pro é{;f rg'sﬁfl ‘gT

the array
Thus, for the delec!@:f of r@{at@b’%lemems that frequently contact, for

example, a gene pronﬁﬁmerg‘t mT ary to use an array with probes that
represent only the sie&‘rid genmmc gion (eg. about 0.5-10 Mb), but with each
unique probe present at ple e out (r 200, 1000) positions on the array.

Such designs may a.l;: l‘.h]:eferra mwymsm:pmes to detect local (eg. within

about 10 Mb) geno: re@ig%s - such as deletions, inversions, duplications,
efc. - around a site (e.éﬁ)ffﬁitﬁtiét)s es 1 5

The array may comp@iaboul 3 eﬁ),%()g probes, 4 x 750,000 probes, 5 x 750,000
probes, or prefexablya b'@)l{bﬁ prolé.O\@re preferably, the array comprises 6 x
750,000 probes with 60 5,6, 7@ or m@ @)bes at each side of each restriction
site. Most prefexablsg!eamy %mes 6 9’6) ,000 probes with 3 probes at each

side of each. resmmm§17 9 8 or
9914 of the
full or

~Aarmmml ot Ao ot
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li

(PCR) t echnol
ogl! es.
Nucl eot i de
Arrays of probes or s§sEX q@b@:ﬁy@mﬁesisﬁﬂ in a step-by-step manner on a
support or can be té Zebfmn One method of synthesis is
VLSIPS.TM. (as described jn US 5,143,854 and EP 476,014), which entails the use of
light to direct the s lno ogttnu 1 probes in high-density, miniaturised
arrays. Algorithms foj ddb b Laﬂltosﬁttﬂe @rber of synthesis cycles are
described in US 5.57[339 g Us- |s,593§e Arrays can also be synthesised in a

combinatorial fashion Yy deliver: aoror Y ﬁx f a support by mechanically
s can also be synthesised by

PCT/IB2008/000625

constrained flowpaths}as described in EP J
spotting reagents on sjp

728,520). 75%

ogéé ink jet printer (see, for example, EP

preferably
In the context of thea.p sent mvenmm e e “substantially a set of probes”
“substantially the array o: probes mea.ns or the amray of probes comprises

at least about 50, 60, @50, D 8% 9ﬂd§]d99% of the full o complete set or

array of probes. Preffiaply| Yip set or the array of probes is a full or complete set of
probes (fe. 100%). pr ef er abl y
In a preferred embodjﬁetnt, thJ ar%@aé)tlses a%ég{gque probe per side of each

primary restriction eraﬁ re%i%ite that is present in a given genome. If this
number of probes exhee, ﬁtﬂmb’gfwsthat can be contained by a single
array, the array may ion of the plete g
of a given species, but mﬁfvber r:tslj on, with for example one out of every 2, 3,4, 5,
6,7,8,9, 10, 10% IOCIQ Etc pn@:S p&mll tlnlmear chromosome template

present on the array. g::h arrays that cover the complete human, or other, genome at

sub-optimal resoluuo:cxty ?fc@drm H%l racfimon arrays that cover part of

the same genome, for exam le s where sloanon partoers are to be found.

Preferably, the repres-x@iq u&nﬁxﬁte genome of a given species at lower
resolution is obminecoxpe:‘ss on ae array that each represent a single restriction
fragment as obtmned triction enzyme. Preferably,
this is obtained by i 1 onn seooidoth.\rd fom'tg fifth, sixth, seventh, eighth,

pr ef ersabl y

al least 25
Ar 2N f Ar
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controll ed
to alter
nintt, tent, tweniedd Ykl GhicuS Bubul Btietn, soveatiots, cightiet,

ninetieth, or one hunqthh ég@(_:mgtf) o’ne bundredth) efc. probe that hybridises to

the same restricion S8 @S @ OF

Preferably, the l‘q!lﬁglgl& Lf %@(ﬁl@t& genome of a given species at lower
resolution comprises M&@b@fh&n@@ @@Ialong the linear chromosome

templates. Preferablymisrif fai y ignoring one or more probes in those
genomic regions that show highest probe ity. )
W EM

nvermisation FOr - exanpl e,
reaction

The term “hybridisatign™ i@wfn ipclyde “the process by -which a strand of
nucleic acid joins WlEl gtmﬁgm 311 Tj ee

strand through base pairing” as well as the

process of mpﬁﬁca&nmgmﬁfii @h!m;ﬂ polymerase chain reaction
@cRyeamooges. NS Of  @Ni ONS
and cati ons,

Nucleotide sequences i g 'vﬁyﬁidisﬁ will be generally be at least 75%,
Ao

preferably at least 85 or %% and more at feast 95% or 98% homologous to the

corresponding  compl elr;lge quﬁe, over a region of at least 20,

preferably at least ZSaIn(dfm' tnshl@ at least 40, 60 or 100 or more contiguous
mucleotides. | | ke can
’

“Specific hybridisatiog' lzeflrs o Qelbilxﬁg,rduple)dng, or hybridising of a molecule
only fo 2 particular Iucla)@e sequence under stringent conditions (e.g. 65°C and

0.1xSSC {1xSSC = hqu ool M {itrpic @t 7.9)- Stringent conditions

are conditions under which a probe will hybridise to its target sequence, but to no other

o] Stringent copditions are seqt dependent and are different in different
circumstances. Longg tL@ﬂrchQ' H&J 4)6(&&11}’ at higher temperatures.
Generally, stringent don@licghs a\@électeatr f aalyS °C lower than the thermal
melting point (Tm}) fpt're mguma ﬁdeﬁned ionic strength and pH. The
Tm is the temperztura gr dfﬁned ionic strength, pH, and opucleic acid
concentration) at which F;: ? the probes complementary to a target sequence

ol ecuf es.
20 mary OF
IN al

NYiant i fFyv/1 NnA
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striking
hybri di satio
hybridise to the mgeﬁequp&tc&ﬁﬁ@ﬁﬂs the target sequences are generally

" present in excess, at f the ied at equilibrium). Typically,
Eoh Pt erre et

stringent condmons g § coucemmtxf of at Jeast about 0.01 to 1.0 M Na ion
concentration (or other e temperafure is at least about

30 °C for short probef %gentg)ﬁ Rxex;n bisECbe achieved with the addition of
destabilising agents - fldDaf ffru@iﬂ@'@tl%aﬁ@q@omum salts.

ts it wll
As will be understood by those of skjll in the art, a maximum stringency hybridization
can be used to identi ﬂ:ﬁtec ﬁ e sequences while an intermediate
(or low) stringency @&S&Emyy or detect similar or related
polynucleotide sequeltceg coO n‘p ar e

. di sease:
Methods are also described for isation of arrays of probes to labelled or

unlabeled nucleotide é ehgl: ar hybridi
be controlled to alteV“ybﬁdlhmnkbe alretsehryecreese probe/target bmdmg
stringency). For exasau b],metcntelgu:e concentrations of anions and cafions,

addition of detergent all altgr the hybndlsatlon characteristics of
array probes and tarmlscub ? dan DT
tiple

FREQUENCY OF Q(l@g;ﬂmt V\D or

Quantifying ligation fre uencxe of restncuon fragments gives a measure of their
cross-linking ﬁeque xé SQ§ be achieved using PCR as used in
conventional 3C techm&;‘s described by Splinter et al. (2004) (supra). Briefly, the
formation of PCR P‘Pdm @ I:e 'neel.gtat Slfﬂanlg the signal intensities after

on ide stained agarose gels, using a Typhoon 9200 imager

i

(Molecular Dynamics; ale, CA). Suitably, several controls are used for the
E&lag EES%QCIm Splinter ef al. (2004) (supra).

'nous from

Since the 4C technol gﬁ%:ﬂbg Igeﬁhé(wides for the high-throughput analysis of

the frequency of mteractm% of twc or rfore nuchotlde sequences in the nuclear space,

correct mterpremuon

subject may
be kil
hybi | di zed

+ N 2 AnNno
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in a further

aspect of
it is preferred that theti*i@ ﬁe@ﬁci@@r@ﬂtm fragments are quantified using
the amays described birefyy @ | O,

For quantitation, SLgItxalb ogz[ue_g for Ia §3 sa@ple can be normalised to signals
obtained for a oontmp&u@.\ld sﬂﬁ ‘ii contrbl sample(s) will be labelled with
different and discemaaeglsl&y dyemmaﬂuhaneously hybridised to the
array. Control sampl] vflll Tt contain all DNA fragments (i.e. all potential
second nucleotide sequences that have 1 o the first (target) nucleotide sequence)
in equimolar amnumslan ;) g&lltd! a law hyni@aﬁon efficiency, they should be
similar in size to tHO) {Sb@d n@fotide [P icdd). Thus, conirol template will

typically contain genomi ﬁtf tg sanle ﬂﬁctbackgtmmd as that used to obtain

the 4C template), digy igh beth the pril and the secondary restriction enzyme
and labelled by the same me\L.Elod €.z tandOm priming) as the 4C template. Such
control template $OS! rrect for probe-to-probe differences in

hybridisation efﬁcieni;y.r}ltm@lﬁila@ tmiy &) to control array signals makes
it possible to express ﬁgts mltjrgSéf drichment over random events.
Labeled 4C templaID ga; gelm Q !hybriIiz!:il @ an array with or without a

differentally labeledtmﬂ{l mple and with or without one or more differentiaily

labeled other 4C temlpla'resrm@tfmgiF @ fbeuorelated to this 4C template,

for example it may hf ohtaingd fror different tissue and/or obtained with a different
set of inverse PCR primers. For example, the first 4C template may be patient material

and the second 4C %lgmﬂtbdnnm gom a healthy subject or a control
sample. decr easi ng,

suppr essi ng,
Given the striking hybridisaty ﬁfjs that to be expected for gemetic
rearrangements it w{l g{m s compare diseased subjects with

healthy subjects. EJor(&Mya:Iﬂtiplng,two or more) 4C templates, each
interrogating a differpmrlpe*fre agqmm:gnt or subject may be hybridized to
one (eg. one or morebrriy. Ot h er \M se

al l eging the

DNA- DNA

i meraction.

In sone

~aCcnoe 1 T+
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transl ocatio

ns as wel |
The 4C templates ngySe dTFbEIART kibeola* with two or multi-color
hybridization) and/or Jelﬁach:gaégbeled bcEstuch loci normally reside on

different chromosom (];])é the "same Hromosome at a distance far enough for
overlap -DNA interacti signals. As an example, material

from a subject with 'f—c@ SIQ]L!MY |beQrmessed to obtain 4C templates for
TCRa/S (labeled ctne@)lord:eﬁej tmct trapslocations), and MLL, TALI,

HOX1I and LMO2 (atclrlaalfig rhedaeeaefm'l\d 610r in order to detect other

genetic rearrangamemﬁ These five 4C templates may be hybridized to one array,

1

which will allow the simultancous amalysis at multiple loci for a genomic

rearrangement associa.glnviea ksgg | n t S
S Iow

For quantification of bsolute signal intensities or ratios over
control sample may ¥1 addition, 51gnzls of probes adjacent on the
linear chromosome t:j;ﬁ; :1151 éﬁ dcuaym ting chromosomal regions.
Such positional in.forx&mni@fer%mlyzzd by ordering the probes on the linear

chromosome templatf aegpexette Iabvl@lm intensities, or ratios over

control template signals, by shiding windo using for le ranning

mean or running median approaches.

Consequent |y

The frequency of mteramufl e@eurl mtregrget nucleotide sequence with one or

more nucleotule ong, o1 more -genomic loci) :obtained
according to the m bed herem used to reconstruct parts of, or )
entire, linear chrom ﬁ OdQ, bal d

rearrangements thatamd within and t ck e herein such

rearrangements are mexsxp@aca? (a.clxs*say
ASSAY METHOD SKY \M | |
| ead to

In a further aspect of tlie thﬁn eg provided an assay method for

jdentifying one or morr]e aems that m dulate a D A interaction.

!abor-lntens
ive
val i dati ons

experiments
1 La
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t echnol ogy

accurately
As used herein, the t@ﬁ‘tm@l@et rSrs altrevenﬁng, decreasing, suppressing,
restorating, elevating, ‘nceagltothergw‘:ﬁnétf DNA-DNA interaction.

In some cases, it mygege!i]mgemevgulam%ore agents together for use in
modulating the DNA-] NlA M&d In thedkases, assays may be readily modified
by adding such addm@ai a@lt(stei@r sit;l*qe:usly with, or subsequently to, the
first agent. Z0

The method of the preganCelﬁoerg}talLo d ﬁcreen, whereby a number of agents
are tested for modulat&@qulﬂ'@ $A1G: GNA-DNA interaction.
that is
It is expected that the £ the gresent invention will be suitable for both
small and large-scale %ﬁnﬁt §tsé;sdvell as in quantitative assays.
: S

ee Figure
Medical uses of such BorapBitic &ﬁfdw @1}1 the scope of the present invention
as are the drug develAWgﬁatmé vﬁ [,,j\ﬂs- 1 positi

comprising such agepts. A drug elopthent program may, for example, involve
taking an agent identified dr iden le by the methods described herein, optionally
modifying it (e.g. xxomﬁll:m@g r providing a movel positi

comprising said moiquy perb'@g W@des (e.g. toxicity studies and /or
studies on activity, 61re @%}fﬁo 3 'irials may be performed on pon-human
animals and may cventually be petformed on humaps. Such trials will generally
include determining QLD &'ect(g Qmiﬁlﬁdjﬁlage levels. Drug development
programs may uﬁlisabatrrsatmily@ {fpieties identified by screening (e.g. to
predict structure zmd/tr frfxatn, to |dc§fy possibl ists or ists, to search

for other moicties thagn(aj' (];;ave similar structures oaunctions, etc.).

onpanit e
mMmmmnmﬁﬁ a Change

In genomcC
Currently, various 3 gements remain difficult to detect by available
8T g
1l i hind Although the array comparative genomic

mol Shad )
hybridization 1eclmiz§e%xg)@5}gla Le\@ﬁlaveloped technique for the detection
bet ween

rearr anhged

sequences
AanAd a AN
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gene
consi sts of

of chromosomal a.mptﬁk%neneo M:E]\Sﬂ; a resolution of 35-300 Kb, this
technique is not s@@p to ‘tﬁ‘h\. Aread locations and ck

inversions. On the ti;e ehand spectral karyotyping (SKY) or conventional
karyotyping is often perfcrmed on patient mﬁna} for the detection of chromosomal
translocations as well c cﬁ:[ge@ the resolution to define translocation
breakpoints is low, us@ly 240 Mbghd SI-l(afb', @;@ﬁvely. Consequently, results
obtained by both meﬂa:lf ae apecia]lG{Y wglead to time-consuming and labor-
intensive validations f:q:ﬁlé its ék %mﬁescence in situ hybridization (FISH) and

molecular breakpoint onmg strategles

exon
4C technology involv@ ﬁ@c@@ @:Gpan @ect any chromosomal rearrangements
on the basis of cha*gea]a 3 ies between physically linked DNA .

seal

sequences. 4C technology, is erefore Tseful for th(ej identification of (recurrent)
chromosomal re: 1 h ies/mul

malformations or mezfal@tgi.hﬁa %Y u(pc&'nt advantage of 4C technology is that
it allows for the very@:EFrIﬂF)nappmg-FWf bsakpomt to a region of only several

ds of t i of 4C technology is that mo prior
knowledge is req\ure&jon the exact smon (§ the breakpoint, since breakpoints will
be detectable even \QJ{J& 4&%0 setIue e& located 1-5 Mb away from the
breakpoint. This has sy dvalita@ gt thE)§&pait sequence can be used for the
detection of specific ichwosm i‘ea@ﬁements covering large breakpoint argas.
The accurate mapping of enon'uc 1€ ents by 4C technology will greatly
facilitate the 1denhﬁ(ﬁ’§ ab iﬂsed gene(s) underlying diseases or
genetic msqrders, wi il nnponanﬂy contribute to 2 better understanding of the
genotype-phenotype b)ﬁeea*ﬁ@ |mnltatsent decision-making and add

- mporntprgesic BT ust er ed

In one embodiment @QﬁpresLnlSnvenﬁon, in order to provide a basis for the

diagnosis or progno@ o |dileae, dormtl h @:mndard values from a subject are
established. This ma&'bn@tlpélﬁilby testing samples taken from normal subjects

— such as animals or uF:aé 'K ﬁe uenchttf the DNA-DNA interaction may be
quantified by comparing it-fo a on Series 6f positive controls. Then, standard
region"; t
ot her ™

br eakpoi nt

¥ oanl AN

iple
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Accordi ngly'
, It's the

. detection of .
values obtained fronk nbm@ ReSbs QE @ onlp with values obtained from
samples from subjec§ ge’cted 4@entia]ly affected by a disease or a disorder.
Deviation between sttldédcx‘h T&Fﬁ:‘ vadeﬂesfablishes the presence of the disease
state.

may be used

Such diagnostic asstsGLay 2§Oajlored to evaluate the efficacy of a particular

PCT/IB2008/000625

. therapeutic treatment Fe@erq t)ai' hf in animal studies, in clinical trials, or in

monitoring the treat individual patient. In order to provide a basis for the
diagnosis of disease, 2 normal or standard profile for the DNA-DNA interaction may
be established. Stan 'S 0 om normal samples may be compared with

values obtained froni sﬁtle%r&@jtcti pEb§ By affected by a disorder or
disease. Deviation bfwhtﬁttlda:daxf sé,ect values establishes the presence of the
disease state. If dispasecisg establishe existing therapeutic agent may be
administered, and tre: enrpIJﬁg I; \ghtmy be generated. Finally, the method
may be repeated on tr ME E€fAinate whether the values progress toward or

return to the normal (dsiangre)agxédceswqﬂmem profiles may be used to
show the efficacy of tﬁaBPﬁt Bvﬁaipeggfaegréﬂs or several months.

4C technology ucmﬁlu:héﬂse‘tq;& §/['b of genomic DNA linked in cis to the
nucleotide sequence WS amy(wﬂéme 2-3 and 5). Advantageously, 4C

- technology may be WOawa @nomic 4)@11'011 that is accompanied by a
’

change in genomic s'fe gpg?’fh;e 6) Orearmnged and a 4C

(bait) of choice. Such change ma; for € , an i or in
site separation or lgsa-lg anl er-representation (as in deletions) or over-

representation (as in aﬂ@dns] oi@d:ncts Dximal {eg. up to or greater than 15

Mb) to the 4C sequente ha@ Typically, such genomic aberrations or rearrangements

are a cause of or are associated with diseases - such _Fs cancer (eg. leukaemia) and

other genetic or cong}%tg (rlseggan‘lLscmg h
pati ent
Genetic aberrations Wlma:r lil’ H{)mostfwt)aremlﬁons - such as balanced
it e et S LB C A L s e
ns near
that were

chosen hared

An + hot v
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I n anot her
preferred
desi gn,
mutations of nucleic m (egm&mes) and also losses or gains of part or whole
chromosomes. They pera RS of Offc dirders or discases, including
congenital disorders as mali; cies. In man
"5 §qulémﬁr enen g

rearrangements, two dsﬂ‘eren mosomes are volved. In this way, genes (or
fragments of genes) are @mﬂ physiological context of a particular
chromosome and are ltc (eo a Ecmlm%badjacam to non-related genes

or fragments of genes Qf@x ouB@ES tﬁ‘ 1*01@11&‘&@)

Malignancies can mcl?de acute le.ukg:nas\ﬂng Al iphomas and solid tumours.
Non-limiting qupr‘l purSt(M lm occurs frequently in NHL;
1(12;21) which is ﬁeq‘&@rtfoumalt:hﬂdhood precursor-B-ALL; and the presence of
Hg23 (MLL (myeloid—wa]r'fnlﬂ(mia or mixed-lineage leukaemia) gene)
aberrations in acute leykemizs. .
F€%ol uti on,

The MLL gepe in chrTxkn]&lnSr;gion an ayv&ed in several translocations in
both ALL and acute tly@:uid d:e:tlae@/ta) To date, at least ten partner genes
have been idenﬁﬁedt ﬁ gefe &ela&fotils, such as t(4;11) (q21;923),

t(11;19) (g23;p13) and t(l 11) (p32 23), ommantly oceur in ALL, where as
others, like t(1;11) pﬁg), #6:11) (q27:23) and #(9;11)
(p22:q23) are more tlﬁdn Qved ymo@mngemems involving the 1lig23
region occur very fr{luete h WG'W@WM (axound 60-70%), and to a
much lesser extent in %.lgnﬁut a.nézid  leukemias (each around 5%).

Rearrangements in lygnogxh]%ciesaﬁl involve Ig or TCR genes. Examples
include the three tyseEpE G @dibnd D@1, 12:8), and 1(8:22)) that are found in
Burkitt's lymphomas, h waﬂYf anea'.stmuplad to Ig heavy chain (IGH), Ig

kappa (IGK), or Ig lambda (IGL) gene segments, respectively. Another common type
of translocation in this"¢ateg®ry is t(14;18) (q32;q21_) which is observed in about 90%
of follicular lymphoxr&,orgptlle &mﬁ] typks. I this translocation the BCL2
gene is rearranged toggiots @hm@ﬂ(rHycus within or adjacent to the JH gene

segments. The result 61)1sélmn§s[)mha§rrah8f the overexpression of the BCL2
every w nny
restriction
enegue

rornAant Aan

‘WO 2008/084405 PCT/IB2008/000625
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dupl i cations
sad ot her
genom ¢

protein, which playd 2GR ks b &JAQ) 1B M control by inbibiting
programmed cell deatE by 4C

PCT/IB2008/000625

| ef t mol ogY :
The BCL2 gene consists of three exons, but tese are scattered over a large area. Of
these the last exon enmylargg @J ream (3' UTR). This 3' UTR is one

of the two regions mﬂlﬁcﬂbﬁ(gglsﬂrskpoims are clustered and is called the

"major breakpoint &,@S@T 1thb eﬂpnint region involved in t(14;18)

translocations, is 10cﬁx§?—3ékib ywastream of the BCL2 locus and is called the

ion". A, third BCL2 breakpoint area, the VCR (variant cluster
region), is located at |s1 . BCL2 locus and is amongst others involved in
variant mnslocaﬁomﬁ.elp;n@@t@m in which IGK and IGL gene segments

are the partner genes.t h e p | I
T}ms; by way of exag.@ I;}Qe[mdgy cap:u;agpﬁed to the screening of patient
material for genetic awant ear @lin loci that were chosen based on their frequent

association with a gis:i clmxg Ipheotylp rFlE’b en—limiti.ug examples of such

loci are AMLI, MLL, §7BC , immunoglobulin loci, LYLI, TALI,

TAL2, LMO2, TCRK@ CRA;7 HOX and other loci in various lymphoblastic
|

leukemias. o’b ases. Ar

rays to
Advantageously, if a él@lt a@xettm is suspected, 4C technology can be applied as

the first and only scrgen ify ¢ presence of the aberration as explained
= kot oy s S0 AT T ‘

"minor cluster region”.

he
ns, v

Detection of genamicd@*ng@zlmti ons,
i nver si ons

In a particularly prefead emdeiment of i&; sent invention, the methods described
herein can be used for H:lge cjn oggg i reglg ments.

and ot her
Currently, genomic g@qge@ﬂst— hch as translocation breakpoints - are very
difficult to detect. Fir ffaa;fz,rm ‘Végﬁtgighybﬁdimﬁon {CGH) micro-
arrays can detect several typer reanangeéems but fail fo defect translocations. If

t echnal ogy
may contain

nr nhoe 29 Ac
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6My, 7Mo,

8Mb, 9Mb
translocation is suspeclcgmm;mt buﬂ_ lﬂ'_ome partners are unknown, spectral
karyotyping (SKY) nlay%ormed Imslocanon partners and obtain an

approximate estimate f mt ions., m the resolution is very poor
(usually not better ) and additic ¢-Tapping (which is both time
consuming and ex] 3r rQ(m This is normally dope using

Fluorescence In Situ &sztx (FISH), which again provides limited resoiution.

Using FISH, breakpot@ ca:ﬂl_)S% )) +/-56kf region at maximum resolution.

DNA-DNA mmacnoggeg eﬁnes fpr‘;:a(ame a function of the genomic site
separation, i.e. DNA-tDIIaelteralG tl‘euaés are inversely proparuonal to the
linear distance (in k]f)he@ Fetrtlea ﬁvg%@x)m present on the same physical
DNA template (Dekk 0. ) é translocation, which creates one or more
new physical DNA templates, is accompanied by altered DNA-DNA interactions near
the breakpoints, and mee- measured by 4C technology. Diseases based on
translocations are brca@ aksp ()] metnmt DNA-DNA interactions, as
translocation is the refuwf ﬂaﬂhyg':élink@eﬁintelaﬁon) of broken chromosome
(DNA) arms. .
translocatin

Accordingly, for ih@etelﬁn G trapslocations, 4C technology may be used to
identify those DNA-J)NA @ifro@@dgis [thignagy] different between discased and pon-
diseased subjects. H H H

sascdsibiecs hybri di satio
By way of example, Q techm[log' Qn be applied to the screening of patient material
for translocations ne&j*clfhaf“eer cleﬂltisdd (a_tlmu' frequent association with a
given clinical phenot*p? detr&b@*L e d

If translocation is suﬂ;; oted El ga@ Lutad;;oxgs§me pariners are unknown, an .
initial mapping mayQ rfallednﬁ fly available methods like spectral

karyotyping (SKY). \Mis tu*]ider@'f}l@tm\%&ﬁon partners and provide a very
rough estimate of brgce ﬁ%oﬁ esélly than ~50 Mb resolution). 4C
technology can th tléﬁ\/[h x “ait’ %n&:es in this region located for
example at every 2 @ervals as described berein) to
di seased and
nor adi seased

subj ect are
hywhri A1 2oAd
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si mul t aneous

ly to the
fine map the breakpoiSy @ Wity rlexkmf@k Y. gene(s) that are mis-expressed as
“mmwmﬁmﬁﬁmeiers of

Typically a translocaf on wﬁbﬁ Ldjﬁied by way of an abrupt transition from low to
high interaction freqy I alc os%ay el ﬂQA the one containing the 4C—

bait sequence, or elsefhere S I:hagﬂ@l*mssome
observed on

In a preferred embodsfxaﬁ ge saTlple from the subject is in a pre-malignant state.
near

In a preferred embcdu‘tele EEmepat'mQ thteﬁ;]ect consists of cultured or
uncultured ammocym@hfxe@ﬂ@@:@%@maml diagposis.
unrel ated t

In a preferred array ie 3 bes present on a single array represent the complete
genome of a give sﬁé‘? at maximum resolution. Thus, arrays to detect

swanslocations and # bkd AT DS @E Bizin probes as described herein
complementary to ev@a:fe dTvem gmmt th!ﬂtion enzyme recognition site in
the genome of 2 glvexgpéla tl%lwt?)e Of

In another preferred besglt pgocs ﬁeﬁ& on a single array represent the complete

genome of a given s(ecAs@at bta|mztm)um resolution.  Thus, arrays to detect

translocations and thWe nyC technology contain probes as described herein that
are complememary to ora one sjde. offvz restnctlon enzyme recognition

site in the genome of !1

translocatlo
In another preferred ﬁmgrpaaps preﬂye*l a single array represent the complete
genome of a given spedics, b i tesolution.” Thus, arrays to detect
translocations, deletions, inversiops, duplications and other genomic rearrangements
by 4C technology coﬂﬂ beJ astdeinbed herein that are complementary to one

side of every other phlﬂ%}ﬁ{éﬁ@l@@:l:yuﬂ {ecognition site as ordered along the
linear template oftheﬁeme ofatg]hxe)emes (e.g. human). -
sequence of
interest. 30
Mat er i7al
used for the

Aot art 1 Ann NnFf
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so cle)
around t he
| ocus at
“Thus, arrays 1o deteMRsGAns, G, inversions, duplications and ofher
ic rear i--ﬂv'e. 'oi 2{){pteinQyiobes as described herein that

each sent a sin, Bcty agment as obtained after digestion with a primary
repre:

‘WO 2008/084405 PCT/IB2008/000625

restriction enzyme. Preferably, this is obtained by ignoring every second, third, fourth,
fifth, s, sevents, dighe; G, e INGHEA VKD, sorcicn, fitets, sixtietn,
seventieth, eightieth, Imehdth,& one hundredth efc probe that hybridizes to the same
restriction fragment. grws: ﬂ@catsleaﬁx:s, deletions, inversions, duplications

and other genomic ents by 4¢ technolpeyi may contain probes as described
“rEr el 1 aErE

herein that are distributed equally alofig the linear chroniosome templates. Preferably,
this is obtained by iggluﬁle Q&o&mﬁy those genomic regions that show
ighest probe densiy@ N Al YSi S Of

si gnal

In another preferred desis bes present on a single array represent the complete
genome of a given sl)eﬁl b@ mtstlmLhLugxgoluﬁon. Thus, arrays to detect
translocations, deleﬁJ:sfiﬂrsioa m&hﬂiaﬂd other genomic rearrangements
by 4C techoology co@fl proj ibed herein complementary to one side of
every third, fourth, {i flxé, §;§Qfght, FFE I.en% twentieth, thirtieth, fortieth,
fiftieth, sixtieth, eth, eightieth, ninetieth, or ome hundredth efc primary
restriction enzyme m@g{lt{)lyte a.J ox&red along the linear template of the genome
of a given species (c.i. lyx@] @&lm lie¥t milslﬂaﬁons, deletions, inversions,
duplications and othe1 ga;]nigegang@:%tcbgg_tghnolo'gy may contain probes
as described herein, Ylnéh rei;es nt ethe complete genome, but with a single probe
every 100 kilobases. — Ar: detect translocations, deletions, inversions,
duplications and otheamtlmtngengtt by 4C technology may contain probes
as described hereint vat@ “’iﬂsa't eg@y single primary restriction enzyme

recognition site in the.Fe?m:g. bawbbﬁiprgenwd by a unique probe sequence.

In another preferredtarmlmgu, g{beEas described herein on a single array
represent genomic mﬁy &b&f giiren(jiie -Zn@@ about 50 kb, 100 kb, 200 kb, 300
kb, 400 kb, 500 kb, ltMeZ Ivﬁ:, % 4Mb, 5Mb, 6Mb, 7Mb, 8Mb, 9Mb or 10Mb -
(eg. from about 50kb_10] all loci known to be involved in transiocations,
deletions, inversions, duplications-nd other genomic rearrangements.
herefor; it
may be
necessary to

havwvne oarh
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an |1 NCrease
i n DNA- DNA
i nteraction _
In another mfmedfqa}eiaemy described herein on a single array-

represent genomic ref:ll?tif a gigen size - such as about 50 kb, 100 kb, 200 kb, 300
kb, 400 kb, 500 kb, 1 Mb, 2 Mb, 3Mb, 4Mb, 5Mb, 6Mb, 7Mb, 8Mb, 9Mb or 10Mb -
(eg. from about soﬁlmjm@@ selection of loci known to be invelved in
translocations, deleﬁ@&:mlns,@xplia@s and other genomic rearrangements.

Selections can be mat e ﬂlﬁ&rmérd fi ey le they can only the
loci that are implichtcf irﬁ %ven f'ple’I o|f1 dilse?]e.g
In another prefenedarpa}/dlsig rprobaas described hergin on a single array

represent a genomic i@ @ikk@st of F@IQmPIE. 0P kb. 200 kb, 300 kb, 400 kb,
500 kb, 600 kb, 700 - SPORRYAMD. 2 Mb, 3 Mb, 4 Mb, 5 Mb, 6 Mo, 7 M,

8 Mb, 9 Mb, 10 Mb, 20 Mb, 30 Mb, 40 Mb, 50 Mb, 60 Mb, 70 Mb, 80 Mb, 90 Mb, or

100 Mb (eg. IOOkaIOBE)t(pg r(‘)tﬁ GJLI‘AOSQIII)I multiple chromosomes, with
each probe being repxés*\tﬁlquea.c(ywﬂ, 1000) times to allow quantitative
measurements of hybrfdi@ifn sigrmfn.@es at each probe sequence.

In a preferred expeﬁmdeljtaliglijg:[] tEe 4C seguence (bait) is within about Okb, 10kb,
20kb, 30kb, 40kb, 50kb kb, D00k, Wo kb, 500 Kb, 1 Mb, 2 Mb, 3Mb,

4Mb, 5Mb, 6Mb, 7Mp, 6] PME BEb.| 1 WIQI2Mb, 13Mb, 14Mb or 15Mb (eg.
from about 0-15Mb) tjfwre fa.m the actaal rearranged sequence (i.e. breakpoint in

case of a translocation). - .

dupl i cation
In a preferred hybridifalifin, twh ﬁ&ﬁ;ﬁlylladel@m templates obtained with one
sequence (4C bait) gom Prdl@ﬂ(a.ztd a-*n—diseased subject are hybridized

simultaneously to t‘nemne i ceg in DNA-DNA interactions allow the
&YndsTs
mt n ¥2s (

detection of the break) on the same chromosome as the 4C-bait) and in
o o eIV L AGEOUS

ly, 4C.
In a preferred hybﬁdi*ﬁe,e\l&‘irifd]rer@tgvmled 4C templates obtained with

one sequence (4C bait) fro dig:]lsed 36(1 nﬁ— iseased subjects are hybridized
iﬁ§renc% 1 DNA-DNA interactions allow the

simultaneously to the Same array.

use
pr enatal
di agnosi s.

Nii~el a1~ At A
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Det er m ni ng
presli sposet
tan to

detection of the bmaa@quj ¢ ihem@ chromosome as the 4C-bait) and in
trans (on the translocES(eMera | n

Advantageously, mul!i—crt;log,'gséz! og‘lucal g{')lcr Ianstis on micro-arrays may be

utilised allowing the Li»Lmhaneous hybridization of more than two samples to a single

array. Accordingly, Adw@ﬂﬁmag:@@u@ in 4C technology.

PCT/TB2608/000625

In a preferred hybridi; an,’m tiple differentially labeled 4C templates obtained with
one sequence (4C bdit) Ml s19j and one differentially labeled 4C
template from a non-dikdzkdd) subﬁl ar&@ridih@mﬂtaneously to the same array.
Differences in DNy et cfiog @ o yiction of thebreakpaint in cis on

the same chromasomeﬁsdlﬁg-be'ﬂ axgigrg.g()éﬂammslccaﬁon partner).

In another preferred §M&Lo§tcotdl§m£alp labeled 4C templates from the
same non-diseased su&e& as bif 1@ diltcrht@quences (4C-baits) that each
represent another posgi 'e a[floatiepmafme are hybridised simultaneously to the ‘
same array. Clusters of sirong hybridisation signals gbserved on the linear late of
Y L ORHER o
R

chromosomes unrelate ‘the "t of interest (4C-bait)
of and the breakpoint on the

will identify the tr
trauslocationpamer.f r equent | y
i nvol ved in .

In another preferred hybridisation, multiple differentially labeled 4C templates from
the same non—diseasegs%ja‘t,e LS Awith multiple different seq {4C-baits)
that cach represenil D@ [poRillel @ RGipn partner, are hybridised
simultaneously to the same Im'ﬂ Cltsth 'Pf gong hybridisation signals observed on

the linear late of ch lated to the ck carrying the
sequence of interest (yy% #t) will iJ_enEfy thel: u'aSJ: location partner ct and
its breakpoint for the &Emﬁ Qg,éreb | e t 0

det erm ne
Material used for thtdtif@on of locations, deletions, i i dupli

and other genomic rearrangemais by 4C technok)gt can be obtained by cross-linking
i 1l

(and further pmcessi!Q, ra‘s gs Lec§ Q:Qn? Je a£d/or dead cells and/or nuclear
on of -die

subject to
acquire

~oart a1l n
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possi bl y
ot her | oci
freqgnently
lysates and/or isolatedjlﬁde Ftcl (ai d@:ﬁbtd h@) from diseased and/or non-
dseasedsitiects. (] gease; 4C

Detection of i inversian.tr ec h no | 0 g y

can be

Inversions (eg. balax&plpi'mpmeémot bodetecwd by methods - such as
Comparative Genom'f &/bnihzﬂcé ﬁctm)iquf; -ybut can be detected by 4C

technology particularly when tEtﬁ:hTEd) inversion is close (eg. up to about 1-15
Mb or more) to the Jnc ‘) ocus
and

Detection of (balanf:déxa"tsrna}n gsénxelﬂmfymg those DNA-DNA

interactions that e E%lt
Inversions will change the relative ition (in kil ) on the physical DNA
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template of all (but tlJe [{J Vlzglla]lyl&agii) slqugces of the réarranged region as

measured against a sauen@ a*b}] o2y tame chromosome that is taken as 4C

sequence (bait). Smmj)htAﬂNAtmhaéon frequencies are inversely related to

site j will give i d patterns of hybridization
intensities for all prolg IIDQCE]L the rearranged genomic region, as compared to a
non-diseased subject. d}‘mﬁ@&ﬁl@y allows lhenicnuﬂcanon of posmon and
size of (balanced) inv«tsihsr S

wahodi nmt '
According to this aspect Qﬂ present inventior], a preferred dedicated array design
comprises probes on a array representing genomic regions of a given size - such

as about 50 kb, 100 ki, 28 @10 lo@tgsy kb, 1 Mb, 2 Mb, 3Mb, 4Mb, SMb,
6Mb, 6Mb, 7Mb, SMli, 9§b ord‘fvﬂp (eéﬂtb-éﬁ)) around the locus at which the
inversion or other rea.rtméemexéiﬁu(s'fﬁed. 0 f

In another preferred dtdin& artJy Qig,lprobat a single array represent genomic

regions of a given sizp (§) £b.G0P K8 G kb, 300 kb, 400 kb, 500 kb, 1 Mb, 2 Mb

etc) around the locus Eﬁuelﬁ e {0, :ﬁoger rearrangement is suspected. For
reliable quantitative analysis of si mtensmes the amount of probe present on.the
array is typically in a@erlxce g the amount of cognate fragments that are

anal ysed
separ &tel y.
but multiple

l Ar1 ~Aan
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second

erronti nent,
hybridized to the an-aﬂ. @erefore, it may be necessary to have each probe present

multiple times (eg 10. -EOé(tlH,ﬁO&? |hn6 grYn the array. In addition, it may be

necessary 1o titrate thelaméunt of tcm lat that e hybridized to the array.

PCT/IB2008/000625

Derection of deleﬁnnxf or a n

unblased
Detection of deleuon ﬁg DNA-DNA interactions that were
different between dx non— seased ects. Deletions will result in the

absence of DNA mwétgl[ v\ﬁle‘ﬂ seqtelQ (bait) located near (eg. about 1, 2,3,

4,5,6,7,8,9,10,11 |12d9n:t 1§ Nfb <ym0re) the deleted region. This may result

in the compleie abslmealhylmtg.ﬁtgn all probes located in the

rearranged region if ;the deletion is present on both alleles {(homozygous), or a
reduction for diseast ve§sus non—dlsgsed bjects of signal intensities if the deletion
is present on only onsﬁg@flmﬁgmi). DA brings more distal sequences
into closer proximitycdn t@ ];h}s@ %eﬂlm to the 4C sequence analyzed
(bait), which will resgta stronger hybridization signals for probes located directly

beyond the deleted re;
or edi r eased
Detection of duplicar)un(s)s u bJ e Ct ,
whei e tgg iying
Detection of duplic ic on_ iden ose  DNA-DNA
interactions that are Iﬂgeé t!ip gzt]sgg Hﬁoﬂ—dlseased subjects. Probes in
the duplicated mgmzr vs@ sh<a rmgased hybridization signals with a 4C sequence

(bait) located near (@Fb@‘/; wgl N9, 9. 10, 11,12, 13, M4 or 15Mb or
more) the reamgeﬂrwk,wed to signals from a control non-diseased
subject. Probes beyond the duplicated region are further apart from the 4C sequence

and consequently d hQerQxM Elgnals as compared to signals
from a control nou-dalsed sdb_lal nmwn

| ocati ons.
Preferably, an 'mcrea.re DNA-DNA interaction frequency for the subject
sample as compared to ontrol Js indicative of a duplication or insertion.

énbodi nent ,

t he target

sequentes

cannot be
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t ar get

sequences

froma test

Preferably, an increa® mpdN&mmcﬁon frequency for the subject sample as

compared fo the con End/ a reduaon in DNA-DNA. interaction frequency for

more distant regions 16:15%3&‘@ gﬁvt)hcahon or insertion.

Prenaual Disgrose SANMPI €) ar e
identically

Advantageously, 4C rfChatfé:f] fscéedsed W diagnosis.

Nucleic acid can be o&@e[}rgnrlﬁus lMMg ‘ggs methods that are known in the

art. By way of exml)pln tmﬁ)tex&gttanlbega to-obtain ammiotic fluid from
which fetal cells in st#p‘hs els:ed for several days (Mercier &

Bresson (1995) Arn. g’f le 8 glf,\c éca from the cells can be then

extracted. The collectiop o ﬁnal y make it possible to dispense with the
culturing step and avm f%&@c fluid. These techniques may be

applied earlier (up to O‘feeks Aees@i® Frfind c@l:tmn of chorial villi and 13-14
weeks for amniooenteg’s)a)rmll a éghﬂ( u@eas@nsk of abortion.

A direct collection ofg bloofd !’m]evel of the umbilical cord can also be used to

‘WO 2008/084405 PCT/IB2008/000625

obtain nucleic acid, I a team of clinicians specialised in' this
technique (Donner etg upb] F@I@i&gﬁ T_th., 10, 192-199).
' trol and

Advantageously, genetic aberrations (eg. genomlj or chromosomal aberrations) - such
as rearrangements, tmtsl Is m\gm rtuﬁs,&elemms and other mutations

in chromosomes and fGc@dAcid -ble be detected at this stage.

hybri . di sedl

Preferably, genetic abgrrati eg, genomic or chromosomal aberrations) - such as
rearrangements, translGeations, inversions, msertions, deletions and other mutations in
chromosomes 21, 1@fs,rxay Y Jndnlso losses or gains of part or whole
chromosomes 21, 18, dj X'ﬁrﬁ' 1224 belﬂ:@ed since these are the chromosomes in

which the majority of éﬁafwﬁﬁ]x istl,le foe%j.r

Determination of | germtnihrgyal_iorgi@ n b e
hybri di sed
to di &f erent
arrays and

~Annar oA AN
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gcnane. The

identificati
on of

4C technology also @NAe_d jon of genomic integration sites of viruses

and transgenes, etc, aisolﬁtru glfhﬁ éy]t\e arbuﬁe d at different positions in the

genome (as described in
t ween

MMWWmew%ﬂﬁﬁ@Hﬁ@éﬂ@ﬂiﬁ#mﬁm
t hat thew in

Advantageously, 4C technulo can also pphed to pon-diseased subjects to
measure the genomlc en ent o miu olved in genetic aberrations.

In this way, it is po y :Q{i}.t the predisposition of the subject to acquire
certain genetic aberra@®r) nt r ol
.o Sa ﬂ:p ar
Thus, in addition to the medjgal uses descnbed hcrem, the present invention can be
nail
Sur a

MULTIPLEXSC  t 1 gns| ocati o

used in diagnosis.

The present mvenuunr;].lows Dsgnul’taneous analysis of the frequency of interactions
of multiple target E nt i \%h Ie |§J eore nucleotide sequences of
interest. Ampliﬁcatutn ¥f4{pe achieved using multiplex PCR. Such methods allow

for an unbiased sm'efnéy rla‘;c aalced genomic rearrangements ie.

translocations, inversion: delenons and d cahons that may have occurred anywhere

in the genome. The makpomts of rearrangements at
very high resolution, &I&S within twenty kilobases (on average 5kb). The method

can be used in dlaq_lo‘ﬂcamsyfoxf fs @rﬁ)ﬁh above, for example prenatal
diagnosis, postnatal d.fg:?p 6af1hfo the of 611\10: and other diseased samples
to identify genormc Eq rlymg seases or predisposing subjects to_

disease. Amplified m Joﬁ,@ ue§ﬁls @Be@s AR be analyzed on tailored 4C
microarrays (as descr@nbovaﬂ on genomic iiling micro-arrays, or by sequencing
as described further hetfﬂ r e | at e d

cl uvnosune

identifies

the primry

restriction
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Fi gure 27
are
The simultaneous scr@z@tojﬁrjrr&@:dﬁs at m)!ltzﬁlz loci known to be associated
- with a disease. this

For many discases, (s)ylgrgm!:s gr%hleno es, multiple possible causative DNA
alterations are lmows am neet Q screened to identify the exact
Tearrangement underlfinatfe Wsyndrome/phenotype. For example, in the case
of lymphoblastic I gnvolwm MLL, MYC, BCL,
BCR, ABL, 1mmuno Jobulin loc 1, TALl TAL2, TCRo/8, TCRB, HOX and
possibly other loc ﬁ'equent? \mgg the sease wechnology can be applied to
identify which locus aa gajxgﬂent is involved in a patient with the given disease.

represent ed

In this embodiment, i i§ di h of the loci of interest. Each
locus can be analysed segarately, but multiple loci can also be analysed simultaneously
on a single array. Thi, a 4C m@m&@ iverse) PCR amplification of
DNA elements mﬁemltu:@ﬁlats e:d)re t‘?&x)(cteoﬁde sequences near each of

the loci that needs to IP ﬂlysqd-ﬁar Mgelnelns. Target sequences at or near these
loci are chosen based S]he riter enﬁonrﬂaéim

Amplification of nucl{otﬁ %LLLC; of ert;tQMerformed separately for each
target nucleotide seqﬁeﬁa)t canb{):tri*ﬂned imul ly in one

volume by muluplext(ﬂ%e) PCR. The latter is to be preferred in cases when
nucleotide sequences of jntgrest interact with different target nucleotide sequences
can be identically labLll m&tﬁ él Jnalysxs This may be the case
for example when locmmﬁetcnhﬁmosomes or when loci are located
on the same chromostd@la @qua feqﬂpugh for minimal overlap between DNA-

DNA interaction sxgnlcn etween DNA-DNA interactions
amplified from diff imt nucleoudc seq es does not interfere with the
detection of genomlc

detected
Amplification of nucleoﬁle sauensstofi uitezfst interacting with different target
nucleotide sequences f ]ﬁf?mflyﬁegofmed separately when each set of DNA-DNA

preferred

enbochner d
mul tiple

Avine (o A
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chr onosone

is |abelled
interactions needs to \Aﬂ.abtlldﬂiiﬁ' when inverse PCR primer sets inferfere
with each other’s am%ﬁion@iﬂle:y d y es

Differentially or identtlcal.lrl]y%&elled sae'q(xenecas of interest interacting with the various
target nucleotide senuasee d hys-idl& h) a single or muitiple micro-arrays
containing probes re;feshtmglth* comtleh@yls (e.g high density arrays or tiling

arrays) or a selected patloffméeroﬁ a?tieglbed above. Hybridisation signals will

be compared to those obtained with a control Wwhere an increase or decrease in

DNA-DNA interacti \Q@ %&l e\test versus control sample is

indicative for a DNA feahra@GHRIRYRA bsGampie.
interacting
An unbiased gemme\mﬁe .ta ﬁnmgtfor ?ar@né Ttents at unknown positions in the

genome,
sequences
In a second embodltleh a;‘ttechnology is applied for an unbiased genome-wide

screen to identify reﬁ'reqemglhb Dsalrle ﬁU]ﬁ diseased (or non-diseased)

subject, where the re; men are previously unknown and/or occur at unknown

locations. In this embo ilgugis cannot be chosen to be close to the

rearrangement. The reqﬂlmraﬂmown or suspected to be associated

with the disease. Intte@,ﬂfp In-eatlsgto be distributed throughout the chosen

genome or section of* as to cient coverage of the chromatin to

be investigated. Prefg blyﬁle E é'xe genome is covered.
’

For instance, target 2:;;15&648{ ]b@a_such that their interacting sequences of

interest, being mosﬂlthe?@encﬁm ﬂrroundmg the target sequence, ie
within 5, 10, 15, 20, Zé, fO éi 4(()101- 45 to 50 Mb from the target sequence) cover the
complete or a substantial 0

chromosome. This will-agl wo?bf;’uAng pﬁsicﬁ];romosome maps present in any

subject or cell type. 7’ 8’ 9, 10, 11,

‘sEnome or a chromosome or a part of a

For two target sequen; ad(j.;icent on the linear chromosome template to have
overlapping i i A [ q(lQ IJES

can be

| abel I"ed

uni quel y.

Al + DNIA

ic envi they
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Hi gh.
need to be, for exam;Ie, h rO,(DiugZh p,l;ﬁtﬂ), 45, or 50 to 100 Mb away from

each other. Thus, to Wmmplete genome (2-3 x 109bp) with target sequences
separated ~10Mb, ng-%ézgaﬁeéﬁ%j:s ﬁ:g)req\med To cover the complete
genome with target sequ separ: ~50 Mb,F0-60 target sequences are required.
In an ultimate embodﬂ{nt,QMnS&sSseqleQpa chromosome is required to
cover the complete geb@.c one an

af f or dabl e
All nucleotide sequences off in interact with the target sequences are
amplified as in 4C, e ether i e reaction mix (or a limited number of

reaction mixes) by mxﬂxlﬂ:am.sei PtRa.ltm keﬂfe (inverse) PCR reactions that
may be pooled hter.a41d1ple rcn at) Pe Ve@red in cases when nucleotide

sequences of interestf ing with different target nucleotide sequences can be
identically labelled withput compromising the analysis. Amplification will be done

scparately for each mgeplﬁcgﬁdcastq&nayﬁ each set of DNA-DNA
interactions belonging] 10k s@ FBeH M@ nocds to be labelled differently

and/or when inversel Pglrpge sets interfere with each other’s amplification
col | ections
Identification of int af ermgeants such as deletions, insertions and
duplications and (bala@@ M i e*sia.n&

efficiency.

Exanples of
In one preferred eml ent, i l.jed DNA sequepces interacting with the set of
target sequences from’ !e e (i q Eatgl are identically labelled and

genome-wide imcmctleuemies are compared with these of a control sample (e.g.
from healthy subject)§w ﬂ@ﬂwlerfq;e hybridised to the same array in

different colours, or eb ﬁ)e@%ﬁ i erent arrays and compared. An
mﬁ A-] é‘ﬁéls

increase or a decrease NAinteraciion frequency for the test sample
compared to the comxa&n@e iskndicaBit f@"d lication/insertion or a deletion in
the test sample. It can plsppe i\EMye for@h@s@;

Fi; 18 and 19 shoM;lIetlzenglri]decn)t'nedb 4C is manner.

s ReSEaeh b7
(2005) 13-60
and i rfcl ude,
but are not

l i m +tod + A
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Sequenci ng
is perforned

In another preferred ea)mimett, hﬁﬁed DNA sequences interacting with the set of

target sequences ﬁ'onrta le at leientgxgﬂe) are labelled in two colours,
with colours altemau ﬁ?-seiffme |that 51 bour on the linear chromosome
template. Nelghbo €t sequences ai¢ clo: ough on the linear chromosome

template for their m@&n@sg&ce&'bsgvﬂlappmg. Thus, neighbouring target

sequences may be, fod@@lcsrlp b@ds 31’ ¥) 40, 45 to 50 Mb away from

each other. Such an ﬂ%deign prevents that rearrangements are missed due

to saturated hybridi: gna.ls close to a given taget sequence. Genome-wide

interaction ﬁequem:lﬁ n%.red% Lele (y a Ttml sample (e.g. from bealthy

subject). Control am‘l¥s; samIl hﬁbe differentially labelled and hybridised to the

same array, or they o Fe ys and compared. An increase or

a decrease in DNA- lﬁ b) frequency Tor the test sample compared to the
or a

12

control sample is i insertion or a deletion in the test sample.

It can also be mdxcaupﬁ [nmesm on

-the PCR
A subsequent 4C wgoﬁﬂee to grget sequences flanking or inside the
rearranged part of Lhe jﬁ‘l to identify inversions. An inversed
pattern of hybndlsaQ d:s control sample identifies the
inversion in the test smt 2] ﬁiﬁt&d a['sure 20.

descri bed by
In a further preferretL a fm& seqlgxfm of interest mtcrac‘u.ug with

different target sequences _]uxtapo ed mosome template are labelled with

different dyes. Re menrs d by the appearance or disappearance of
interacting DNA sxgn;lsa &,panem sample compared to the conirol sample. This is

depicted in Figures 24‘@33 4 1 3
Identificatic afbala)A]ceyl"é l;md b’ i
no by
In a further pmfmedlgl*buﬂl@nt, tipaclyes are available (e.g. 48 dyes) and each
chromosome is Iabelgcnfx té)weuédyegxiaz used such that the dyes alternate

between target sequepges,that neighbour on the linear chomosome template. All DNA
fragments can be b &ed AQJ

2( 306. 269 27
2. 15~
Seqguenci ng

Te 1 ni+1 at oaAd

probes ing the
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used by the
respective

complete genome. [The QdbetabshAl o LhGIDNA  interactions  between

chromosomes that i samples but not control samples are indicative for a
ogpreck

translocation and idn%lyghqg:iéﬁff ;b: osomes. The transition from low to
high signals on an unrefated! chrogmosome i es the primary restriction enzyme
recognition site neartp I\a- ns.

It cm also

If translocations are tﬁaeed, dcb(ﬁte thoTo?‘ne-speciﬁc dyes should give

strong hybridisation _signals ;on a mutually exclusive set of probes directly
neighbouring each ottier ons t;e me tet_%l ite ‘unrelated chromosome. The
breakpoint on this WSWMJ 1&1@ in i)etween the two sets of probes
showing positive hylylpiratim Rl B Flél.quat

partially or
‘When tested on a 'patient sanl'x:le involving a chromosome I:chromosome 7
translocation the re: M i 2. qyained. In this particular sample the
target sequences on @Vr@'rrelrrea:ﬂ aEelht& of sequences located next to

HindIIl sites (see aho‘ie iy véfvgoe)f mp@mences).
If translocations occQ'erd IwitgaTgssr o§]_)Nk| § geqwmakpoints (i.e. unbalanced

translocations), eacht oothea\apllmlhofmy-speciﬁc dyes will give strong

hybridisation mgnalsgeqxtgl@lm ExESye set of probes on the unrelated

chromosome that do eté:pfy ﬂffh@‘ﬁm K on the linear template of the
The' prol 2!

unrelated chromosome. ‘ér bes located on the ated chromosome in between
the two sets of probe: A ix}érg}:gmoscmal DNA-DNA interactions represent
the genomic region thalR/H @e'ﬁm most outer probes of this region mark the

restriction sites near ﬂsleﬁ)wte erelated chromosome (see Figure 26).

WO 2008/084405 PCT/TB2008/000625

When tested on a patient sample mvolving a chromosome 4:chromosome 7
translocation with an pzﬁ(gn\éxglﬁt)f deleted DNA at the breakpoint the results
shown in Figure 27 aff (Bainddl. @a{d*ﬁﬂ@mple the target sequences on the
array again representtd hsécme ﬁtequez'ceéocated next to HindIll sites. The
result shows that both the translocation and th ion (approx 2Mb) are detected.

MIVEr 3 PR

primer

sequerice and

al l ow t he

roand: nAa ~nf
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In the case
of

In a still further pref&fld Q@'m&'mﬂilﬂeala(e.g. 24 dyes) are available and
used to differentia]lydb@ eath hrim:eome (Figure 28). Thus, all DNA sequences
ﬂm interact with m!gehsalﬁﬁs present on the same chromosome are labelled
identically and different i&aﬂwse locatsg on other chromosomes. The identification

PCT/EB2008/000625

of DNA-DNA i [Nﬁ@l%xﬁmosom!rs &1 occur in test samples but not
control samples are lnmoﬂfﬂ a \é:b)@:bnlagidenﬁfy ‘the two rearranged
chromosomes. t h e one

A subsequent 4C mapsggege;i s;')\e/(!iﬁglg tnl)war%srthe chromosomes involved in

the translocation all.o l‘.h eaﬁ_ﬁcaﬁon of breakpoints. Here, one or each
chromosome is label@i@q M EHE @es that are used such that they alternate

between DNA ﬁ'a.gmasdlafngﬁ gx%t&)t s.equences that neighbour on the linear
chromosome templatel
n cases of

If translocations are mud,taih ptl:e @tx;hmmosome-speciﬁc dyes should give
strong hybridisaﬁon&@z’xls ot h extua.lly exclusive set of probes directly
neighbouring each otheho tﬁénear late of the lated ch The
breakpoint on this unrela -hromosome i's located in between the two sets of probes
m&&uigaﬁ, s s

identiati by
If translocations oc@}zd élé to* (ttj PﬁA C éi breakpoints (i.e. unbalanced -

translocations), eadxl of the two chromosome-specific dyes will give strong
hybridisation signals oy a gugamﬁ.gu)e gf probes on the unrelated
chromosome that do 5t dIerkl}rneighbour each other on the linear template of the

unrelated chromosom) b‘t p&':s ]q:edm the unrelated chromosome in between
the two sets of prol ing intex-chromosomal DNA-DNA interactions represent

showing positive hy

the genomic region that was Yost. The most puter probes of this region mark the

restriction sites near LQ M}Jou@ M E)e QA chromosome.
sequence

In another preferred eal?lﬂtlm,lifs!{an 24ayes are available and each dye is used

to uniquely label all N %gipeﬁs ll}hat Zteﬁt wf.h gget sequences present on the
same chromosome. Thus, with 1, ,S,M, .8, ,@ etc dyes, 1,2,3,4,6,8,10,12 etc.

base
cont aini ng
all target

niiecl ant 1 Ao
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- subj ect
i ncl udes

chromosomes can be m]y Sobeired DNA fragments belonging to each of
these chromosomes Saue hbnag together to an array containing probes
representing  the co; t W §'he ce of hybridisation signals

representing DNA-] EA interactions on. 5:\ ﬁu:elated chromosome identifies this
chromosome as a 4C analysis directed specifically

towards the chromosasz(ﬁzl:d m-ch@slocaﬁou allows the identification of
breakpoicns s desigfeit - Ry be

In another prefer:eda eglbodunem,g rl]!m 93 dyes are available and each
chromosome is labellee QWQ des thare used such that they altemate
between DNA ﬁ'agm@tmh@{g with target sequences that neighbour on the kinear
chromosome  temp] h'@.lf,n w@ %4 ,6,8,10,12,14,16,18,2022.24 etc dyes
1,2,3,4,5,6,7,8,9,10,1 etc. chromosomes can be labelled umiquely. All DNA
fragments can be hyb: tcgeaegtg y ining probes ing the
complete genome. Hm}&m hﬁs oQn Jated chrc inter-
chromosomalk DNA-]% } @Uﬂ @l’nify this chromosome as a translocation
partner. The tmnsitior‘m' igh sigpals on an unrelated chromosome identifies
the primary restriction e; e recognition site near the DNA breakpoint.

obt al nabl e

In a yet further preén'lgd@#]hn@lﬁ less than 48 dyes are available and each

chromosome is labell; rm‘blﬁruﬂenéﬂum es that are used such that they
alternate between D (m?ems mteramtm E et sequences that neighbour on
the linear chromosom e, §1UI!I g be hybridised together to an

array containing probSMn@ & ) Hybridisation signals on an
unrelated chmmoso%h]@%nh@fchmmosomal DNA-DNA interactions and
identify this chromosrTlaat a tion r. The. transition from low to high

signals on an unrelated ¢! SOme idcnrﬁes the primary restriction enzyme
Tecognition site nea:t@gyA .

The agent
How to identify other yatwbezkp(aﬂ
Breakpoints identifiey -0 moseme jaccording to any of the strategies
mentioned above can subseg uﬁ&m sed to gentify breakpoints on the translocating

nol ecul e, a

pnl ypepti de.
or a 75

Al 1iert AaAd
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(padkul arly
manmal i an)
partner chmmcsome.C[ﬁl c:l:l B dof ffor le via sequencing of prod
obtained through lon¢rai1ggg{ BreISIA Junoaﬂ or ligation-mediated (LM-)PCR

or inverse PCR on D :Qr <] Fday resai?ion enzyme digestion and religation
of (mon-crosslinked) geim m using primers specific for the one chromosome

that read into sequenoa[i]the Lthg Q‘[mg&n I C
20 nol ecul e,

In one preferred e i rerf ﬁ éT a.iorfentioned screens for genomic
rearrangements may be followed by a dedicated 4C experiment directed against target
sequences near candi tdto biguously identify them as such-

sem - synt het

. Aspects of the methmis z@scnlagieq‘fptth’e detegtjon of different types of genomic

rear may hined il ly screen the g for their
RASET arof
occurrence. . .
fimetimal
If genomic tiling Md&}ead of}C arrays, transitions in signal intensities
for probes juxtapose Uilealr ﬁieosomegnplabe that are observed in patient,
)

but pot in control, ?ﬂ es, fldica the-position of breakpoints associated with a
5t

OinIae,

genomic reatrangement ad ‘of The primary re jon enzyme recognition site
near the DNA breakpbin. €S, @

pepti de
SEQUENCRG - okayed from

High throughput D)@L smgé pgmises to become an affordable and more
quantitative a]matﬁrftetna)iﬂlﬂi to @dlyse large collections of DNA
sequences. Examplﬁof h tgl]putli%cmg approaches are listed in E.Y.

Chan, Mutation Res XﬁfZ él §4|0 g 'éxade, but are not limited to, near-

term sequencing approaches suc‘Hs cycle-extension alppmaches, polymerase reading

approaches and exon§1¥s[LIq g\!-, b i

DNA scanning andyzmol(orSsu@hlg saiSu’ect linear analysis. Examples of

current high-thro ; mﬁtfs are 454 (pyro)sequencing, Solexa

Genome Analysis é Stem, Agcpcourt SOLID sequencing method (Applied
Xanpl e,

T

such as

ei ther using -
a pept’t de
synt hesi zer

Ar hyv
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Aspect s of

t he present ‘
Biosystems), MbdBV € Rbubc@N ¢ e s 2008,
htlp://na:.oxfordjoumﬁﬁ%;gﬂchtéﬂﬁ%ﬁléﬁ)-

for

t he
Sequencing can replage array hybridisation in high-throughput analysis of the results
of 4C and other a ction of genomic interactions. The

frequency of OCCI.llTeIa m@ﬁq@re is indicative of the frequency of association in
the genome, and cmpT aEvELn\te Faxa nay as the hybridisation resuhs are
analysed in the foregogi,] d / or

Sequencing is perfon(echxaptalﬁgaa)mvided by steps a-g, described in claim

1. Alterpatively, the @ﬁxdﬁ @1 be performed on the PCR products obtained by

methods as descnbet}j Lﬁng?ﬁ:f ll 16#03-413 July 28, 2006 or by
Ling et al., Science 312, 14 8} 2006, 269 272

Sequencing is iniﬁa’tﬁiuzﬁoh or aﬁends of the PCR products. Both ends of the
PCR product consist S’ }mﬁciﬁdeseuences of known nucleotide composition, with

at least one end bemf tTg%utw @t& sef n@ri:‘ and flank a nucleotide sequence of

interest that was interacting and higated to the ‘ Dep
on the sequencing me e& may need fo be added to one or both ends of*

the PCR products. g%&g %@qnucfeoﬁde sequences required for the
sequencing method ﬁ@tfmst, eb&;sx@ ordlfy not contain moieties that for

example allow them to befca;éuted. Adapters may be ligated to the PCR products
directly or after blunting The entfs of elg(§ ducts. Alternatively, PCR primer sets,

as used in step g (clap a, E’natl conaf overltant; a'trepresent adapter sequences or
may contain overhax#s Lttrodl*:e smW cleavage sites that can be
used for subsequent Ji obt‘/idaﬁésaqlﬁc or non-specific for each end of the

e maduphagc

"In 4C experiments tifat m}d itbliif){tthysequmces interacting with a single

nucleotide target seqlalﬂ,dtiueeirg naeTF to read across the primary ligation event
(step ¢) and/or the gcgcl ligation event (step f} such that sufficient sequence

. information is obtaingd t0 1dent1fb ¢ nucleotide sequences of interest. Typically, this
|

I nhibitory
activitty and
t hus,

Aantit 1 Nnfl anmm
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dlseases,
i nfl ammat ory
the PQJ'M‘\L-Jugaf ictQ 1 i iy 8-30 nucleotid
beyond the Ilgauon Ju@hon@lp the Bcleoa,eequence of interest (see figure 28).
as

T of
In multiplex 4C sequencing needs to read across the primary ligation event (step ¢)
and/or the secondary éﬂU)[ egl'ﬁ;apM such that sufficient sequence information is
obtained to identify bb@em!@t oA @hifle fea@gh/and the nucleotide sequence of

iﬁterest that together W tﬁﬁ@ tpia!.w, this requires the sequencing

and identification of K Q of 83 nucleonf .'Ijt each side of the ligation junction.
The identification of get nucl eohde sEquent I.rprovide each ligation product
with 2 ‘home addresst. stantatartndlse to the target nucleotide

sequence need to be ilo@eﬂat a distance from the primary and secondary ligation

junction that is far E ueﬁ;lg.to mgvfuously 1dent11ty.thxs ‘home

address’. Depending on the m ‘az Hy be 0,
10, 20 30, 40, 50, 60, % 80@“ Olg:[t;o’ndes away from the hga’uon junction.

sid
In single-plex and m@;fl *4@@1:1 §R products consist of a nucieotide sequence
of interest flanked o i de_sequences, reading from the one
end of the PCR product across é ction, and reading from the

other end of the PCR' cr(g Exe seconda!y ligation junction, provides the same
information. Thus, sefjudAFY IR from one side of the PCR product are sufficient
for the analysis of D] INHpintera ined from the other side of
the PCR yd }(l?@sédl I I1"’al : gnfgr]dms Figure 29. ’
e product may be u leent or,to v ee Figure
s"and ar de

Priming of the actuaEsqufene‘GatﬁSs cﬁlfe done using the standard primers

routinely used by the| @Wﬁgh—thmughpm sequencing platforms. Tt can also be

done with custom-made ers that ;rntally or completely overlap the
inverse PCR primers used to amp! ﬁences captured by a given target sequence.
This would prevent rduzﬁg th egre inverse PCR primer sequence and allow the

reading of more nhclﬂdeee@ t’xei c{Pfd fragment, which. therefore can be
identified more easintmhpeda thvgi;n(‘ma'lihese custom-made sequencing
primers may then alsr gra]lf annea.l to the ada\‘er sequences normally used as the
DNA strand ot

nflannatlon
assocvated
with ADS, to

clrlrNnNy acoe Nvr
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t he net hods
In a multiplex set-up, xftlplefe ing primers that overlap both with the adapter
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soquence and with the guter ends of the jnverse PCR amplified DNA products can be
used simultancously, it g}ﬂt fragment inciuded in the analysis bas its
own unigue sequencel pﬁé/ &mdlam the outer ends of the inverse PCR

amplified DNA pmdlasr(xehe 'nvéelﬁi sequence) should be such that

sufficient nucleotides § ilj rartet c i[] available for sequencing and such
that each target sequence (home-: ss) can be identified unambiguously. Depending

on the nature and m.mﬂ @Q@eﬁ inagn simultaneously, this means that
in one embodiment, t@ﬁequc)kulg tn@rs may:bﬁ'ldxse 1 to 20 nucleotides away

from the restriction SS%CHB ta Jmklim tetween the target sequence and the

captured sequence. 'lhﬁemlﬁcanon of each combination of target sequence and

captured sequence may soye dox% QL\QP Leq%rgng which provides sequence
information of both eleQ Q& La}x ﬂ%@aﬂ &J,ysed.

each with

In another embodmletj ﬁegqueﬁnflg pnﬁeﬁ ?re 851gued for each target sequence
such that they are close tp the p y restriction enzy ition
sites analysed and j zxﬁﬁélally or completely with the primary and/or
secondary restric‘uonw r&c&@bbswes analysed.

In one embodiment, Fleeiagye;ﬁTngquencing technology used is the Solexa
(Mlumina) sequencin, N .

sy t ypical |y
In one embodi l An ing may be direc d to the side of the primary restriction

eazyme ecognition G- OIRKGHE PpfeAt -@oagafom ligsion events at occur

during the second ligfixbsrepnr)

In one embodiment, stq\len mL éﬁ\d duLctQ to the side of the secondary
resticton enryme relogl@h s NO'S

described

Data analysis

Ligation products analysed:L ebhuology are composed of a ‘home address’
(target nucleotide seq uemg tLra[t]lg nucleotide sequence of interest (*travel
for exanple,

a prinary

restieliem

ON7Z\/rnmMm ~




20

25

30

WO 2008/084405

By way of
further
exanpl e, 413
address’). In the caset)f %elaa @lth@gxy address’ is known (being the one
mmmmmmm@awmbe Used

In cases of multiplex }C,Qhe ‘1§n¥e Hdgy is identified by electronically comparing
the obtained target nuj:le[i]&L s%ImEe g;l;]sra Q)Jmmabase containing all target
nucleotide sequencesm aﬁsu The obtained ‘travel address’ (ie.
nucleotide sequence Tﬂte:ﬁ't}(sl ld?nﬁﬁef ylectmnica]ly comparing its sequence
to a library/database con all genomic DNA fragments that are located between 2
primary and secondary r?mﬁon enzyme recognmon site of choice.
nteractlon
To visualise the daIsz i/ e @.ﬁm, in a preferred embodiment each
sequem:ed ligation pi dsgph hically along the linear template of the
at the f)dtjtr St Wgﬂ:e tmvel address (nucleotide sequence of
interest). Unique coluﬁ 2&@ mmehome s’ of each ligation product and
the frequency of detoliid® € 4K V@Hlonrgyt s indicated graphically. Genom
rearrangements can b@aﬂd b)H:é;lmglj:g 'Eedcﬁon frequency measured in the

one sample (e.g. obtai;; :ﬁ] o er. th e measured in the other sample (e.g.
ese v

PCT/IB2008/000625

from healthy subject; along the linear chromosome
termplats as well. nucleotlde

sequences
A decrease in DNA— action frequency in the test sample is indicative for a

deletion. Typically, s commdes with an increase in DNA-DNA interaction
frequencies for seqy LJ El}gn tlle Q(Q distal breakpoint as measured from the
target sequence. An M Jlea)NA interaction frequency in the test sample is
indicative for a dupl PWy,eaf cotncides with a decrease in DNA-DNA
interaction frequenci d the most distal breakpoint as measured
from the target sequence. An inversion I IN'A-DNA interaction frequency in the test
sample is indicative ll [ ﬁxﬂx@eﬁ& The detection of DNA-DNA interactions
across chromosommi isﬁ@c@”e at- @ﬁsh’)caﬁon Breakpoints are detected as

described for the mqo-m %is. - I\/bt
regi on,
origin of
replication
MAR, SAP,

~aontr nrnmar o
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somarkers  €XPl @i ned in
t he

The identification of Fafralgeﬁctjsr slmha.srtraélocanons, inversions and deletions,

which are associated wgth a disease gllows the identification of biomarkers which can
be used to diagnose $ For egglple, hybridisation probes or PCR primers
can be designed whicEchaIml B 7 d and used to diagnose the disease

in a patient. PCR p@afqu%(k‘n;cordhg@ techniques known in the art,

PCT/IB2008/000625

such that a region ible frrl'anf in a disease state is amplified using the
primers; the nature of the amplification product wilt be indicative of the presence or
absence of the disem@- ively, hybridisation probes or primers can be designed

which will hybﬁdisemﬁivﬂya'tﬂie &ence or ab: of the rear

Fusion proteins msulmgmngemeuts can be detected by techniques such as

antibody di WWBLI et desxfnar ding to techni known in the art

or mass spectrometry.
Coning: A
SUBIECT Labor at ory
The term “subject” mn%/gsrlagnnﬁ'alla such as animals and humans.
AGENT Edi ti on,

Books 1-3, -

The agent may be % Pp d op o chemical. The agent may be a
compound, which is o from &1 pmduced y any suitable source, whether

natural or artificial. be an amino acid molecule, a polypeptide, or a
chemical derivative te@br@f calb@fn yereof. The agent may even be a
polynucleotide mol & be a sense or an anti-sense molecule, or an

antibody, for examplep‘ﬁ §c10n6 antE)dy, la__monoclonal antibody or a monoclonal
hnmanised antibody. .

et alL
Various strategies haye blt:gl%ped'm atyd lonal antibodies with human
character, which byp; é e n tibody-producing human cell line. For
example, useful mouse monoclolnal a.utlbodles have been “humanised” by linking
suppl enent s;
Cra-reat
Prot ocol s.

Tn MNMAL Al Aar
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reactions
wer e )
rodent variable regiofd @ WA ool Ghgions (Winter, G. and Melstein, C.

(1991) Nature 349, 293}@9' n:gedute*.‘xeuman anti-mouse immunogenicity of

the antibody but resid virtue of the foreign V-region
framework. Mm‘eoveEjf]E)a ing spem icityis essentially that of the murine
donor. CDR-g;"a.ﬂmgr.ﬁ:l Aﬂ 239400) has unproved and
refined antibody ms.nﬁ.tyls to @& [l where it is possible to prod ised

murine antibodies }R%eip[zé for therapeutic use in bumans. Humanised
antibodies may be obtgg rst?ﬁ other metLods well known in the art (for example as
described in US-A-23

endltlons
The agents may be ai@cRd to@]f erﬂ}l (elg.y\ organic molecule) by a linker which

) may be ahydmlysablijiﬁr_fﬁ?narﬁlk% e d t O

The entity may be d@i_geﬁ(ugbtﬁed from a Iibrary of compounds, which may
comprise peptides, as Ll ﬁ&a&npounds, such as small organic molecules.
anplificatio

By way of exam] ntity may be a natural substance, a biological
macromolecule, or an_extract made from biological materials such as bacteria, fungi,
or animal (particul rmmﬁlt & tissues, an orgapic or an inorganic
molecule, a synthetlc&l!ntz @dsyu‘l}p agefit, @ptructural or functional mimetic,
a peptide, a pepndonﬂfneug, Ilepaalea B@; /whole protein, or a peptides

syntheswed synthehcal (suc of example, ¢ither using a peptide
: ¢

thereof, a recombinant

agent, an antxbody, I n[tuag' m::s agent, a fusion protein or equivalent
thercof and mutants, @pfvef@es Y RpRidrs@Teor

Typically, the entity will ?al;l organic_compound. For some instances, the organic
compounds will ¢ two ol hydrocarbyl groups. Here, the term
“hydrocarbyl group”@l%d‘iu}{cdm@m least C and H and may optionally
comprise one or mow s@ableagﬁmems. Examples of such substituents may
include balo-, alko ,L roup, a cyclic group etc. In addition to the

possibility of the substxtuenis emg a cyclic group, a combination of substituents may

for
n1nute§, 30

cycl es of
one fnar 1E
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100 hp up
form a cyclic group. @& ﬁ}’d)carbyl group comprises more than one C then those
carbons need not necedﬂv@ﬁesnt ef:he.’a'.rﬁ)r example, at least two of the
carbons may be lmkab fz a sﬁle eleaentr qup Thus, the hydrocarbyl group

may contain hetero atoms. Suitable ero atoms will be apparent to those skilled in
the art and include, cﬁﬁahur ni md oxygen. For some applications,
preferably the entity %e@@ﬁ tn@f!{ group. The cyclic group may be a
polycyelic group, suciblamnon-ffﬂpolycychc group. For some applications, the
entity comprises at 168 thi one of said cyclic groups linked to another hydrocarbyl

towar ds 50%
The entity may aonmfhgpmupu HGP af ﬂexf), mm, bromo or iodo groups.

group.

The entity may comam e or more cg a!lky; a@x&yl alkenyl, alkylene and alkenylene
groups — which may bl ﬂn'al Q. ahai

To pr event
DISEASE nD m
Aspects of the present Minronl mg Ibe%sg‘t'mj tthreatmem and/or prevention ’
and/or diagnosis andn,progtﬂﬁ [} b@é& - such as those listed in WO-A-

98/09985. t hat had any

For ease of reference, pa.:t of it llsl S QOW ed: macrophage inhibitory and/or T
cell inhibitory acnv1 h‘langlp'ﬁ) ¥u’vity; anti-immune activity, i.e.
inhibitory effects agﬁ*}ij | i p including a -
response nof assocxatrdel él&*’nason, diseases associated with viruses and/or
other intraceltular paf the ablhty of macrophages and T cells to adhere
to extracellular ma;r: com&en s alk ronec’tm, as well as up-regulated fas
recepior expression i olls! Qvggt uuwanwﬂrﬂmee reaction and inflammation

including artbris, ifeI@FIA@EN FopiQ pmmaton wsociated vith
:, itivity, all t' ”c fsﬂﬁbﬁtemxc lupus erythematosus collagen

other dieases, in d with

arteriosclerosis, * aths§s§l‘mc eag disease, reperfusion injury, cardiac arrest,

addi ti on,
pr obes” t hat
gave nul e

+han +\whn
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adj acent on
t he

chr onosone
myocaidial mfmﬁontvﬁmhaanime disord: pi y distress synd

or other ca.rdmpulnwerrdease g]rmﬁaendassocmted with peptic ulcer,

ulcerative colitis and c.hﬁ astromtesunal fract, hepatic fibrosis, liver
dlgs yroiditis or other glandular diseases,

PCT/[B2008/000625

cirthosis or  other
glomerulonephritis ola rQaVﬁ ogic diseases, ofitis or other oto-rhino-

laryngological diseasdS, ﬂe@za]t cr ﬂﬁgiermal diseases, periodontal diseases or

other dental d.iseases:j)[ﬂ)gsl ut e?ld\ry.lé-orchms mferhhty, orchidal trauma or
other latgd. testicular  di P d ion, pl 1
insufficiency, habitual zRI; Qs it ia and other i and/or

inflammatory-related a&allaglyﬁlkea& pg&r uveitls, intermediate uveitis,
anterior uveitis, conp.F@l]is, che&elh, uveoretinitis, optic neuritis, intraocular

inflammation, e.g. rqtiniti jd macular oedema, sympathetic ophthalmia,
scleritis, retinitis pigmenjosa, immune dd infl 'y comp of di ive
fondus disease, infl; &J‘rye(gponems of ocular trauma, ocular inflammation

caused by mfecuoxL ﬂd@pem@ﬁ)ﬁﬂnes, acute ischaemic optic
neuropathy, 11 urﬁf"”f";’é?’s filtration operats

and/or inflammation reaction agamst 1mp1auts and other immune and

inflammatory-related op! iated with autoi

diseases or ccndmonsp'e£r£rﬂrsx[mld‘l the central nervous system (CNS) or
in any other orgah, m@w@paﬂgon tu@essmn would be beneficial,
Parkinson's disease, thzﬁﬁﬁ de@ cfs from treatment of Parkinson's .
disease, ATDS-related dement comp ex -related encephalopathy, Devic's disease,
Sydenham (:horea1 AIQ other d diti
disorders of the CN( m@f@ﬁ 001403@& stokes, post—po).io syndrome,

or

immune and mﬂammﬂv cio?)g f psy hiatric myelitis,

subacute sclerosing halomyelitis, acute neuropathy, subacute
neuropathy, chromc ncuropa Y, arre syndrome, Sydenham chora,
myasthenia gravis, p& Syndrome, Huntington's disease,
amyotrophic lateral snﬂij:I;, ﬂgxma%onems of CNS compression or CNS
trauma or infections oe.}a 'gﬂ:lmmalory components of muscular atrophies and
dystrophies, and immune and infl: ory related diseases, conditions or disorders of
the central and peripher: bmﬁi]m A oQ— it inflammation, septic shock,

ctonarg) and
for edth

pr obe- sat
+ ho
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probes were

pr epar ed
infectious diseases, h{l&inaﬂgcomplicaﬁons or side effects of surgery, bone
marrow mnsp]antamBr)t Glterh'a'nsrﬁ?um complications and/er side effects,

inflammatory and/or ilgmune oomphc effects of gene therapy, e.g. due
AT

to infection with a viral camer, ciated with AIDS, to suppress or

inhibit a } 1 11’"‘ m o 1o treat or ameliorate monocyte or
leukocyte pmﬁferaﬁde@@@elg. leu.ﬁgla, by reducing the amount of monocytes
or lymphocytes, for ! or treatment of graft rejection in cases of

transplantation o: msr or amﬁcxal cells, tissue and organs such as cornea, bone
marrow, organs, le anMchs nmg%; skin tissue. Specific cancer

related disorders include buR{t Hmi@fo: sotd @mouts; blood bom tumowrs such as

leukemias; tumor mnilas&b @Fgr tﬁ]gx’s, for le her

neuromas, neurofibroy homas, and pyogeni il % id arthritis;
psoriasis; ocular angiogepic dxscasc\l\s,@)r ‘example, diabetic retinopathy, retinopathy of
prematurity, maculala«!geg!es,tcoeg jecti neo lar gl

retrolental ﬁbroplamei)s % I’ dial angic

plaque neovascula:izﬁﬁ dlani'ﬁcfjma; hTmiphéadmmts angiofibroma; wound
granulation; corornay coll 53 arteriovenous ma]formatl(ms,
ischeniic limb angioge) esl 1t | fibroplasia; diabetic

neovascularization; GJ]:o@arr] relg@dd) & : £ 1
hematopoiesis, nwﬂa@l@l‘ﬂlﬂﬂeﬂ ﬂ.ﬂ@aﬂttaelr

Preferably, the dxse is cancer - suc as acute lymphocytic leukemia (ALL), acute
myeloid leukemia (. yd[m«:mcal cancer, anal cancer, bladder cancer, blood
cancer, bone cancer, [prdin h@r&feachz)ﬂ cancer of the female genital system,

cancer of the male gﬁl g@lsotmé arvow lymphoma, cervical cancer,

childhood rhabdomypsgg@chﬂdhm sa:coma, chronic lymphocytic leukemia
(CLL), chronic myeloi ., col rectal cancer, colon.cancer,
-endometrial cancer, dn axeld, esleeal cancer, eye cancer, gallbladder

cancer, gasttic canceWsttmhsnml tract cancer, hairy cell leukemia, head and neck
cancer, hepatocells okin’s, di 3 eal cancer, Kaposi’s
sarcoma, e:;ney ‘:?jla:ﬂ]j ﬁ&mﬁpﬁ;m lung c:ncer,
malignant fibrous IHistio 1 theli
(Wsis) or
Mesa f'fuor
591 dUTP

{ N\l aonl ar




and true

‘WO 2008/084405 PCT/IB2008/000625

20

25

30

(5-20. 4%
interaction
multiple myeloma, mfelxmeﬂ“&m@ipa@l&; sinus cancer, nasopharyngeal

cancer, Dervous syste)il ctncex,nea‘yast on-Hodgkin’s lymphoma, oral cavity
cancer, oropha.ryng ovarian cancer, pancreatic cancer,
parathyroid cancer, e cancers:taryné; cancer, pituitary tumor, plasma cell
neoplasm, primary CLI?S ryuglgxg %M&n@,smﬂ cancer, respiratory system,
retinoblastoma, salivaly Bag¥ Skl @:dancbyw]] intestine cancer, soft tissue
sarcoma, stomach cargysémach'anSHsﬂcaT c@cer thyroid cancer, urinary

system cancer, uterige Sarcoma, vagutal cam:er vascular system, Waldenstrom’s
macroglobu]mmmal
t hose

KTs neasured by

et[ods of t[n engnvenﬁon are ideally suited for

Tm”@mmmﬁlf?eren

preparation of kits.

FI SH -
Such a kit may comprfr Wc@lw@ one msmre of the various reagents

(typically in concent formtutihsed in the methods described herein, including, for
example, a primary resmicicn enzym a saco d restriction enzyme, a cross-linking

agent, a ligation enzymy h§§ pﬁ:r aﬁ:ttc&verse the cross-linking (eg.
proteinase K). S one
interactin

Oligonucleotides may also be provided in cqntain hich can be in any form, e.g.,
Iyophilized, or in soluLo e Ia dls*ﬁeﬁ Lder or buffered solution), etc.

aye- FI SH
In a preferred aspect ﬁ'ﬁw agexa}fv@ﬂ;eﬁts lsavided a kit comprising a set
of probes as descﬁbeWeir, TJ array and optionally one or more labels.
A setof instructions vl EMEp T, OB
slightly
USES ~under esti mat
e true
I nteraction
frequénci es.
On the ot her

hand Al ar nt
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) Advantageously, the tl‘eh!alglenﬁg Jal!tae $ed in order to obtain information about

the spatial organisatitn h‘eclecbi&'fq!fnces — such as genomic loci in vitro or in
™ between the
By way of example,df{’C acg(ﬁlQ&t ble \Qd to studyb the three dimensional
organisation of one @ﬂ]dgene loci. In particular, this technology can be used to
study the role of gtar E?ﬁ daaoripg?n factors in the three dimensiopal
organisation of one or more gepe loci. :

restriction
By way of further e)Sr:lplt B technology can be used to study the role of frans-

acting factors and ci:aulge@ltx dei@gyy  Of

By way of further eEamplg 4C technology can be used to study long Tange gene
regulation in vitro or .' . | a't e

with the
By way of further e)glgw H;Hoaqy ?u be used to study intra-chromosomal

imity and interact] h >

poemymiEeestriction
By way of further e%z4y aﬁology can be used to study inter-chromosomal
proximity and interac®t4. | C ul ari sat

1

ion 5
By way of further ple, 4C tecknology can be used to identify nucleotide
sequences that functi :ﬁﬁl QUG silencer, insul locus control
region, origin of repli:aﬂotgvat *Aﬂ &]m'omere, telomere or any other sequence

of interest in a regulatm;nﬂr@&r

By way of further exadm!yle! 4(lfI tgchgol,ggy can be used to identify genes responsible
for a phenotype (dlsezggn&gslw&ré a &Q.l& and/or deletion happens to affect a
distant regulatory ea)ﬂ)dand their mapping therefore fails to provide such

information. ltrrouisatio
n of
bai trroutain
i ng. cir cl es
axe

noar f Aar A
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el ect rophore

sisis
By way of further exambGiE Lhol 0B 6 wsd hventuatty reconstruct the-
patial conformation of @ lody/ $@ genomic regions or even” complete
chromosomes. reproduciMI

- By way of further example, 4¥ ng%gym::eu_[e]d to define potential anchor
sequencesthatkzepceﬂa}n Mels thenuclaﬂrspace.

PCR
By way of further exmrleéateltmlogbﬁg used to eveniually reconstruct at

high resolution the posmarv of ahromoyT:ner with respect to each other.

By way of further sxanlplde Qx;mhoﬁ a:l be used in diagnosis (eg. prenatal

diagnosis) to detect or iBHFESCHEPEHOy furengements andlor sberrations - such as

‘iranslocations, deletions, 'Dvastotf, @pi;cﬁ%s )

GENERAL RECOMBI N‘§lj ll % h}gﬂogbﬁ)m TECHENIQUES
obt ai ned 5

The present invention employs, unless of i i of
“FHOf fTQmmmmmmy

chemistry, molecular biol m3CrobiBio;

wmmmmmﬁecgﬁk&nmonafﬂmskﬂlmthext Such
techniques are explaineSib jofe figri@d e for example, 1. Sembrook, E. F.
Fritsch, and T. Ma.mahsnlﬁ{. @A r:zilaaﬂlamn* blfbomtory Manual, Second

Edition, Books 1-3, Cold, Spri Ha.r[or Laboratory PE/A\:SU})BL F. M. etal (1995
and periodic supplements; (ﬁn@’ thJLv Qgﬂe Biolagy, ch. 9, 13, and 16,

" Tolin Wiley & Sons, Ned UG A Ko, 7. Crabtres; mid-A “Kalin; 1996, DNA

Lsolation and Sequencmp Fs{ennq Tﬁtgque.aﬁdvmey & Soms; M. J. Gait
(Bditor), 1984, Olzganu: i;dzﬁ;yhesu' A Practical Approach, Tl Press; and, D. M.

J. Lilley E.ud J. E. Dahll Tii{i) ;Zfds of wology: DNA Structure Part A: -
Synthesis zmd Physical lin.gnolégy, Academic Press.

n, nultlple
FCR

reacti ons
(each

obt ained
after 30

vl e  AF
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t echnol ogy
was used to

The inventiop will n(G h alﬁea@xtb@’lﬁ ilaﬁexample, which are meant to
serve fo assist one of tnﬁze skiphyi T rexymg out the invention and are not

imended in any vy ol BNPT P HETHE
sawizn  Of the nouse
it globin

Materials & Methods rezﬁacﬂa‘ g)e: with figure 2, 13, 14, 15, 16, 17, 19.

sy CONE T Ol
The initial steps of It.he te@ﬂ)gy procedure were performed as described
previously (Splinter ¢ at Methods Enzymol 375, 493-507 (2004), yielding

ligation prod betw This Hindlll-ligated 3C template (~50
ug) was digested ovetnggtu@nyurl’gl SQ Q’ a secondary, frequent cutting,
Testriction enzyme, bag eﬁhem m, Rapﬂ)n Nlalll (B-major). To aveid
constraints in DNA cifclrfﬂ@iflr@ima al. (1995) Trends Biochem Sci 20, S00-
6), care was taken to éh&:ﬁ smg dﬂir S]ulugm enzyme that did not cut within
about 350-400 bp from the restriction that demarcates the restriction
fragment of interest b, ¢ t§ “bait”). After secondary restriction enzyme digestion,

DNA was phenol e)hayep &g m@qd tnq subsequently ligated at low
concentration (50 pg vcele “S1 mt u@g 2? U ligase (Roche), 4 hours at 16°C) 1o

promote Dpnll- or D qﬁjzﬁon ducts were phenol extracted
and ethanol precipitated, ycogen'(Roche) as & camer {20pg/ml). The circles of
interest were linearistd 9Ln§ovexaght with a 50U of a tertiary restriction

enzyme that cuts the Galt if @\ﬁ@the primary and secondary restriction enzyme
recognition sites, usmetlae X‘ltwmteﬁfrﬁﬁ @g& Spel (HS2), Pstl (Rad23A)
and Pflml (B-major). T% isation step was ormed to facilitate subsequent
primer hybndmm’non unng the ﬁLrsl Tounds of PCR amplification. Digested products
were purified using a t)IKq&ﬂSlguﬁe l'el*gvtl (lZS@column (Qiagen).

n reqgul atory

PCR reactions were pgfméins‘glﬂﬁExpand Long Template PCR system (Roche),

using conditions carefull Iﬁtmuzed to assa: ijgamphﬁcanon of fragments sized
up 1o 1.2 kb (80% o I 4 Bz 500 bp). PCR conditions

hi gh Ievels
of fi gl obin
gene

AVNYFr occl AN
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i nver se PCR

WO 2008/084405 . PCT/IB2008/000625
pri nmerset
t hat
were as follows: 94“d3 fmyner&t Z*) @:atf @"d for 15 seconds, 55°C for 1
minute and 68°C for t nh@s, fg@ﬂl@zr ﬁﬁl|steeof 68°C for 7 minutes. The
maxinoum amount ofefﬁp\l?t'f traxotllll ﬂﬁ:ﬁi‘em range of amplification was
determined. For this, sgrial dilufions of late were added to PCR reactions,
amplified DNA mamglrvgas‘t::f]oq onﬂgnmse gel and PCR products were
quanified using Tmagakgt ifvare. GHENE1P0-200 ng of template per 50 ul
PCR reaction gave ﬂ@ts 111 @@1&{ r@dof amplification. 16 to 32 PCR

reactions were pooled i is 4C template using the QIAquick nucleotide

removal (250) system (Qiagen). Purjfied 4C template was labeled and hybridized to
, arrays according to Eftl-u imblegen Systems of Iceland,
LLC). Differentially @jed gAJ%&NA, v-llicﬂwas digested with the primary and
secondary enzyme us* xele«tc a*edu:e, served as a control template to correct for
differences in hybric‘isT'oV e?fienci:]ﬁ:ﬁ egh eriment two independently
processed samples were labgled with hlt dye Orientations.

maj or gene
4C-Primer-sequences I!sf.g h | g h | y

transcri bed

HS2: 5’»ACTTCCTiCACA’l'l'AACGAGCC-}}’,
5-GC CCCTTTCTICTTICTAC-3

fronerilly
R S-TCERCRCTEH by
5~ CCFFFéCC.PICCAEﬁGA-?”
B-major: 5’—AA&|’JAmQG%’¥CAATCAACTACTG—3’,
s oricl@RhdaB@bricroacs
clusters of
4C arrays
Arrays and analysis v!lerf(:)bars]ego; NCBI Euxg Qigl%bes (60-mers) were selected
from the sequences lllO Q Lp erd @G&%Qﬁnﬁn sites. The CG-content was

optimized towards m, tfohumiim* hybridization signals. To prevent cross-
hybridization, pmbesﬁﬁ 'adour sxmarg' with highly abundant repeats (RepBase
10.09) * were removegl ﬁ'§ni tbr pfobésel. jtion, probes that gave more than two

wer e fdund,
both in

fAnt al |1 vioar
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7, we

conpared the .
BLAST hits in the igemxte f-ab t'eliw{;]igrom the probe set. Sequence
alignments were perfcimﬂ elpg MMAS‘E (h@ et al. (2000) J Comput Biol 11,
203-14) using the smgﬁ Irsebu ﬁé it ed as an alignment of 30 nt or
longer. i . . g mﬁn

positions of
sCdmaamalvis  JENES. In
The signal ratio %-saglggr!on‘ﬂ-c lDI\Q Oa! calculated for each probe and the data
was visualized with S&]}km p{)vlde)(by Nimblegen Systems. Data were

analyzed using the e»ﬁﬁe@@m—m‘m Spotfire and Excel.

Unprocessed hybn fm ed clusters of 20-50_positive 4C-signals along
the chromosome temp]ate g e these clusters, a running mean was applied.
Various window si: bes, ‘which all identified the

same clusters. Result&:&ﬁ ‘tergaﬁseﬁmdvmdtw@ze of 29 probes (on average
60 kb) and were cun@@tﬂ@Trtﬁiingnmen pgormed across randomized data.

This was done for §‘1§3::]j’ equenﬂy, all measurements were
appreciated relative to e ampin tgt specific array. The False

Discovery Rate (FDerieﬁaccstnlt Msl ptmyes) / (no. of false positives + no. of
true positives) was dea-tnnedﬁs hl@s {@umnber of positives in the randomised set)

/ (number of positive; :)utjlg fatt). il'hbtlﬁagold ievﬁwas determined using a top
down approach to eer bhﬁ the mlflma.l value for which: FDR<0.05.
e Two

Next, biological du;iwlitc&ﬁeulas were compared. Windows that met the

threshold in both dupNtet Wgﬁ p(fiﬁh.élhen comparing randomized
data, no windows w both duplicates. Positive windows directly
e‘é‘ﬂ?@ Fu E &fgs allowed), creating positive

adjacent on the chromosome templatetvere jome
areas. fn .

i nteracting
Expression analysis ar eas | n
For each tissue, e _indepen roarrays were performed according to
Affymetrix protoco! Qs§ 0 arrayj; l)ay normalized using RMA ca-
tools; wwwbmrxmduan anh‘rr &lx pnbe—set the measurements of the three

was
conparsabl e

(183 kb and
10 Lh



20

25

30

genes in the
co.lualising
areas. Mirre

microarrays were aviramﬁdtioa Rmtnl y..,' probe-sets rep d the
same gene, they were4@avesatMas5el# (Af@@'ary: www.bioconductor.org)

was used to establish 7 ”0“ sent” and “marginal” calls. Genes with a “present”
call in all three arraygand an expression value bigger than 50 were called expressed.
“Fetal liver-specific éeng’twgerclﬁgex * Bg that met our criteria of being
expressed in fetal lipaeg Ihaodfr}ls thadfivedmes higher expression values

compared to fetal braiﬂ B tmvldca@fslﬁ é ?Verallaanscxiptional activity around

each gene, a running § thed For this, we used log-transformed expression

WO 2008/084405 PCT/IB2008/600625

values. For each gene wi sum of the 5:xpressmn of all genes found in a
window 100 kb up: oM}E;arL’als erﬁtream of the end of the gene,
including the gene itq.elj("liestﬂﬁa ﬁl& foi a)ttive genes found inside positive 4C

regions (n = 124, 12? sg 20f :ﬁpétiy éf hver, Rad23A in brain and

Rad23A in liver) were co pE:r s ol ta.lned for active genes outside
positive 4C areas (n —QQ R ely, where n=153 corresponds to the

number of active, rtmhﬁitmg,@fuzf present between the most centromeric
interacting region amd'l&fmam @Wm ’C)I the two groups were compared
using 2 one tailed Wil n sum test,

HO “eVi'dence

FiSHprobes 1 OF

The following BAC GB ACHes ) were used; RP23-370E12 for
g
Hbb-1, RP23—317H1(i fe faté (Ob e cluster), RP23-334E9 for Uros,

RP23-32C19 for chr.7 at,11'8.3 Mb, RP23-143F10 for chr.7 at 130.1Mb, RP23-470N5
for chr.7 at 73.1Mb, 3-247L11 for chr.7 at 135.0Mb (OR gene cluster), RP23-

136A15 for Rad23A, kb3 S84 @ chrSaf)lB@d and RP23-460F21 for chr.8 at
122.4 Mb. For a chxfm'rxs«eé 7gmeswechfc Hobe we used P1 clone 5279
(Genome Systems }ilg anﬁa@ f‘mem. D7Mit21. Random prime
labeled probes were prep: using BioPrime y CGH Genomic Labeling System
(Invitrogen). Prior to mxé GI\Q was di; th Dpnll and purified with a DNA
clean and concentratal-§]kit @lno@ba*chnDlgwted DNA (300 ng) was labeled

with SpectrumGreen é’ﬁVég or I&ra émr 594 dUTP (Molecular probes) and
purified through a FX PCR DNA and el B d Purification kit (Amersham

ranscri

at

except? onal
hi gh rates

AanAd 1+ \wme R
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gene (Figure
14b-c).
Regi ons
Biosciences) to remoGl fm@(ﬂm nucleotides. Specificity of iabeled probes was

tested on metaphase srreﬂ‘tpreqeda-etmpnﬁgzeﬂs
Cryo-FISH g e n e S

Cryo-FISH was perfodmlada QJm@Meﬁ:d‘ Briefly, E14.5 liver and brain were .
fixed for 20 min in 4% fr@fnddS e/ j0@@EERES. pH 7.5 and cut into small
tissue blocks, followad, by another fixation step of 2 hrs in 8% paraformaldehyde at
4°C. Fixed tissue by

temperature, mounted™ox a ge[lIlen oldegnﬁ' frozen in liquid nitrogen. Tissue
blocks were stored hiqgihle)Een until sectioning. Ultrathin cryosections of
approximately 200 DI*J ay/e I:s1$ an eff:hert Ultramicrotome E equipped with
cryo-attachment (Lei loop filled with sucrose, sections were transferred to
coverslips and storedcq ésﬁ?;‘or Dybridization, sections were washed with PBS to

remove sucrose, treata-Cl JSO\AJmIRMse in 2xSSC for 1 hr at 37°C, incubated
for 10 min in 0.1 M I@m&rue d’ms t @avol and denatured for 8 min at

80°C in 70% foxmamwsf W éS g.\@ﬂ? §xm dehydrated directly prior
€ Was CO.

to probe hybridizatios 1 W recipitaied with 5 pg of mouse
Cotl DNA (Iuwtrogen) h%nuxcs % formamide, 10% dextran

PCT/IB2008/000625

ocks were immpersed in 2.3 sucrose for 20 min at room

sulfate, 2xSSC, 50 hate buffer, pH 7.5). Probes were denatured for 5 min at
95°C, reannealed for @h}ﬁ ao‘[m@}@md, for at least 40 hrs at 37°C. After
posthybridization nuclei were counterstained with 20 ng/ml DAPI (Sigma) in. -

PBS/0.05% Tween—20dand mounted in Prolong Gold antifade reagent (Molecular

Probes). - eterm ne

by a rumag
Images were co]lecte%lﬂﬂeiss Axio Imager Z1 epifluorescence microscope (x100
plan apochromat, 1.4-0jl Wi CCD camera and Isis FISH
Imaging System sof Ja)l 6? )i T“‘Pjﬁnl‘]nunﬁ of 250 B-globin or Rad23A
alleles was analyzedﬁg;: ajm‘i:ripgg or non-overlapping with BACs located
elsewhere in the gen: 0{/ a person not knowing the probe combination applied to

the sections. Rephca!td Poﬁxgu@saﬁs (G- sm%@ were performed to assess
significance of mﬁm een mga;ﬁeé for 4C-positive versus 4C
negative regions. Overvi Fiv o results 1s provided in Table 2.

fl-gldm

| ocus, the
DaAY2922A Aoano
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verified by
nmeasuri ng
how frequent

Although we found stﬁtittica]l Fm@eb Fiqe{mc@l]etween background (0.4-3.9%)

and true (5-20.4%) 1 (cies, it may be clear that frequencies measured
by cryo-FISH are lower

se measured by others using different FISH protocols.
u:e t%g loci and cryo-FISH measurements will

Sectioning may sep:

therefore slightly mécatlmmy Sferaction frequencies. On the other hand,
] cutrent 2D- and 3Dﬁ%2%?:s w2u i these p due to

limited resolution in the z-diregtion. In the future, improyed microscopy techniques in

combination with m@smcqgﬂ?olessﬁm tter reveal true interaction

waeies. W th TOr e

t han 15
EXAMPLE 2

sel ect ed
The 3C procedure (1%&%&%) restriction enzyme digestion,
re-ligation. of cross—lﬁﬂﬁg]hAOrﬁlﬁms len§\DNA purification) is carried out
essentially as descril‘@i(mmem a{., (2004) Methods Enzymol. 375: 493-507),
yielding a DNA mi £3C plate”)) containing restriction fragments that are
4 "0 1A
igated because they were originaly closeé in the nuclear space.

sectl ons
Inverse PCR. is perf@:ﬁ:de)p.al[fyelchagmems ligated to a given restriction
fragment (“bait’; cho: lISﬁit ing a pDmoter, enhancer, insulator, matrix

attachment region, oririni of \r/epéc?ﬁon Oé. mﬁ' ;)dher first (target) nucleotide sequence).

For this, DNA ci:clebz{eadamﬁ]by digesting the 3C template with a dary

restriction enzyme (p*fqrm Oﬁleqtetazmlr ¥ ', ing tetra- or pent: leotide

sequences), followed é:l liFaﬁon under dilute conditions such that intra-molecular

interactions are favoured. To minimise a bias in circle formation due to topological

constraints (Rippe et all, &tl)elcn@iﬁo‘lheg Etlioes 26, 733-40), a secondary
restriction enzyme shfullf b&q@@*}:@f}m@@m the bait at >350-400bp from
the primary resﬁcﬁwa'rs Eﬂea% ﬂ/ers amplification efficiency and
reproducibility, circles are best linegsi PCR amplification by a restriction
| CF Yo, F 8H

were I n

perf ect

agreel’rent
with +thea AC
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Spec No I,
enzyme (eg. a 6 or na bl) cIIttet) at cuts Wbetween the diagnostic primary
mhwmwmmﬁwﬁelear

satl on
Digestion of the 3C telz: he secon: restriction enzyme, circularisation
through ligation undeo Olls yuﬁineaﬁsaﬁon of bait-containing circles

are performed under @mnd)s sﬂimﬁtaﬁtchl DNA@anipulations to yield a DNA
template for inverse Pél*ﬂrpl@:ﬁtafl(il mﬁpqus’).

Accordingly, 10 pg og39 Erngalte [s] <§gest in5100 pl with 20U of the secondary
restriction enzyme (overhibhe), followed by heat-inactivation of the enzyme and DNA
purification. Ligaﬁon@b‘%(riﬂd(a:t (1' nfIPA) with 50U T4 ligase (4 hrs
at 16°C, 30 min at Ra,éyg;te(rbr IB@ﬂlﬁcanon Finally, linearisation of the

circles of interest 1.;Ho with 20U of restriction enzyme (overnight),
followed again by DI ap\mﬁcajmn

enonstrate
For inverse PCR, two-Fhatlﬁc pﬂy@{m designed, each as close as possible to

the primary and &xe@'rﬁg?um:a.tctnqanveémum enzyme reciogmtmn site,

respectively, and earb ﬁ @Id facing Is so that p
immediately across th tion Sitcs Qfmgment ligated to the bait. Inverse PCR

with these primers is brﬁalgctrr‘ed\‘ﬁn 100-400 ng DNA of 4C template (per
50 pl PCR reaction rgen@ma Eximum number of ligation events per PCR

reaction. We perform Im@g]iCWgﬂg tlfé B}im‘i.ﬁmg Template PCR System
(Roche), using buffer 1 g 1 'S PIC
di st I nct
The following PCR c&l&gﬂerﬁﬁs in
t he nucl ear
1.2 min 94°C
2. 155e094°CS pace that
s1mnsecl NVOl Ve many
s3mne’c| UNA- r/ mac.
5. repeat step ZC 6)“1' a.atm bgween 25-40x)
6.7 min 68°C
strongly
suggesti ng
t hat each

NNIA coaonnmmnt
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i nt er phase
(Chal cal ova

7ed  Fioal.

Gel electrophoresis i: 2 Oe0d5) I\Ia.t ibility between individual PCR
P pa i

reactions. Typically, i ermc alterns should bé obtained.

In order fo obtain s(ﬁae@ %’1 for labelling by random priming and array
hybridisation, mﬂﬁplpF%rgionUﬁa)hal ter 30 cycles of PCR) can be
pooled, (instead of i the number of P! cycles per reaction). As an
alternative for random@cmintbe g, g)g& nucleotides can be incorporated in the
last cycles of PCR (e.dﬁ(glgs @)@lﬁ) + @fycles (label)).
de-rendensat

EAMELES - jon after
Detection of translomgoﬁl'mL 4C technology
di vi si on

4C technology is useﬂ(rnfavéhe Tteﬁ@n frequencies for a given sequence X

present on a ngen chromo Ain cellsgp a healthy subject and in cells from a
patient carrying a s e gnslo n between chromosome A and B with

the breakpomt being @M‘I& )Qas shown in Figure 8).

regi ons away
In normal cells thisfanalysi n eals elevated hybridization signals (ie. frequent
interactions with X) for (almost) every probe located within 0.2-10Mb of sequence X
on chromosome A (ﬂle mg Jf t‘M gromosomal region showing strong cross-
linking signals depem@ nﬁly@mm}leﬁ]y of the sample that was hybridized to

the array). Elsewl for( S ‘ A, I vell as on other chromosomes,
(@ it cfeopot ne A, ]

no such large regio té linear DNA template) of probes with elevated

hybridization signals is observe

(3604) Cel |
In patient cells howevlr:b%lzan{g %&w@@l chromosome A probes located

on the other side of ﬂ:c uceébh d)% (one copy of chromosome A
is still intact and wil pmdqu noj als), while a unique (i.c. not present in
l@ g idization signals is observed for probes

bet ween
di st ant
| oci - of

citm | ar

normal cells) concen
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I nteraction
. signals at

bordering the breakpdind YCotroGh@rhe @ 1104E the abrupt wansition between
probes showing no vermeg)i:g @lﬂd’mtlobﬁlfs on chromosome B reveals the
location of the breakpglf oxglﬁmo?ﬁj% e an
EXAMPLE 4 I'ncrease I n.

DNADNA

Analysis of 4C techmiagn'isu{tx n-at | on
lgaxligsp ﬁg !gen?rms(’: environment of the mouse B-

AC technology was u:

globin locus control f&xr(LCR) focusing on a restriction fragment containing its

hypersensitive site 2$§2q DEIQRCIEStrong  erythroid-specific transcription

regulatory element remsdrfméiétevrls B-globin gene expression. The p-globin

locus is present on cha me 7 atposmon 97 Mb, where it resides in a large, 2.9
T gcnes bed only in olfactory neurons.

Mb, cluster of olfactos
Interactions were auz.&a twttum E14.5 fetal liver, where the LCR is active

and the B-globin genef’ a{e tgxhrtbe h?hly, Ef E14.5 fetal brain, where the LCR is
inactive and the glothfﬁees f'e gﬁt In both tissues, the great majority of

interactions were fo c sKuences .on chromosome 7 and very few LCR
interactions were detsc‘a mosomes (8, 10, 11, 12, 13, 14)
(Figure 122). The strohg sn§als 08 7 were found within a 5-10 Mb

region centered arom;pta Phxtmtlos@]wdos@f of ﬁylobin, in agreement with the
idea that interacﬁonditjvnf;lebﬁ glveﬁh@]ﬁmonal to the distance (in

basepairs) between physically linked DNA sequences. It was not possible to interpret
the interactions in this re} mi qultlmﬁvg - \b Qagnsﬂ that these nearby sequences
were together with B\éﬂ)bit J?]ﬁe&e&f ﬂg &t' large overrepresentation in our
hybridisation sampleﬁ@r@a{l te gtesimdzgpmbes This was confirmed when
we performed hybridisagi y dxl 1:10 and 1:100 and found that
signal intensity was reduced’ at pmres outside rud at the edge, but not inside this

-l € Cl ose

region (data not sho
exam ned
(see bottom
two

gnqi ti"s) .
Based on 4C

AAat 2 M Nni Ne
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in between

the clusters
of _
The 4C procedure yiieldgtﬁﬁsr eAGdink Aigure 2b-c shows unprocessed

ratios of 4C-sigpals Wﬁol hybridisation signals for two 1.5 Mb regions on

chromosome 7, muglfy I’&S Iﬁtwg ﬁmbth- ﬁ-globin gene. At this level
of resolution the results ﬁyfl ently processed sgmples were almost identical.
Both in fetal liver

chromosome 7, oﬂMom&ﬁl@)ﬁﬁons tens of megabases away from B-
globin. These clusterd@{:al]@(tmeta of inillq:ally 20-50 probes with increased
signal ratios juxtaposgd 'theghromosome template (Figure 12b-c). Each probe on
the array analyses an independent ligation event. Moreover, only two copies of the
HS2 restriction fra; ] !)regl cell, each of which can only ligate to one
otber restriction ﬁagmm 'pe}efor&k d@a‘alf if8ependent Hgaﬁon events with
20 or more uexg}*:ob.xfg retmhte strongly that the
corresponding locus -globi R in multiple cells.

THHpTEEtE

To determine the s(;trs]l[a]Q1giQ:§cp HEese clusters, data of individual
experiments were or#e_d on B@tsotna@ﬂa and analysed using a running mean
-algorithm with a wm?svalﬁ é1pprox' y 631@ The running mean distribution
of randomly shuffled dgta used to set a threshold value, allowing a false di '
rate of 5%.- This [ysis 1de%ﬁed 66 clusters in foetal liver and 45 in brain that
reproducibly were 1&da g r&ﬁlatScxpallenfs aigm'e 12d-f). Indeed, high

resolution FISH conir&_et_i 51\}81 clusters truly- represent loci that interact
frequently (see belowf e g | on

Thus, 4C technologamr;og-mrgerﬂlgmﬁng loci by the detection of
independent ligaﬁonbfelﬁaikp@jﬂenettr&ion fragments clustered at a
chromosomal positior) [ G h runsone ’

PCT/IB2008/000625

sitive’ signals were identified on

A completely indepen%e'm‘. sen%%%Cee d rianDwas performed with a different
inverse PCR primersethtla) fovededghted ;En
located ~50 kb dowlk@d: @ 152 n B tiver, the B major gene is highly
transcribed and ﬁ"eunaﬁy ﬂﬁ:[ad)by)the LCR. Almost identical clusters of long-
rtrielion
fragnment on
chronosone 4

~ANnt a1 NI A

omic environment of the f major gene,
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ts
range interactions \m@ %Lr E&ﬂl }E&I’Q& found, both in foetal liver and in
brain, farther subslam‘hai tésd 1€ aiquknt@ contact the B-globin locus
(Figure 16). ns , :
*versions,
...l ocations
The active and inactiv) ﬂ-g@@oa@o&ﬂ disb@eﬂamic environments.

t he cause of

A comparison betweeny the two tissues revealed that the actively transcribed B-globin

locus in foetal liver intetactS’ with 4 completely different set of loci than its

transcriptionally silelp(alxtel\ajt QM[L (ar).(];;ypearman’s Rank correlation)

(Figure 12f). This ex&m@:ﬁ]resﬂtshe@ y'luenced by the sequence composition

of the probes. In foeafivf, @eltmcﬁxgiélh@mems were located within a 70
bin «

Mb region centred d thre é% inl with the majority (40/66) located
towards the telomere O mMOSOMme %n fo in, interacting loci were found at

similar or even large‘jils!aﬁes Ltgi‘glgiao.lwmgmd to foetal liver and with the

great majority of inte@fions J43@8@Led @»fards the centromere of chromosome
7. These data dernos active and inactive B-globin locus contact different
e res €

parts of chromosome r eat | on Of
Six other chromosonfesl(s,n§ 11, Qn? ageln%e represented on the micro-

arrays. Sirong hybriSsiltion @xfials on these chromosomes were rare, typically

appeared isolated on i it F were absent from duplicate
FEFost T

3 ducibl

experiments. Also, running megan levels across these Jmes Never rep y

EXAMPLE 5

came close to the leveld scored for chromosome 7 (Figure 17). Thus, our data showed

that the B-globin loctL &c@m&%gad@mre on the same chromosome, in
agreement with the ﬁr@gq_”caalt ooqﬁs us inside its own chromosome

terrifory. We note Wobin locus was also present on the array (chromosome
e s B L i o s
Real L. ARGRIRRn .

ts arising

in the

germine cm

AV v/ ri1 oo NN

the nuclear space (Br
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Materials &
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Sanpl e

preparation
In order to better unda';ALﬂ{e_relepza iof mt{observed long-range interactions on
chromosome 7, we alﬁlﬁ1 %ﬂ.ﬂg&cﬁ a the chromosomal positions of

genes. In addition, etrix expression array analysis was performed to determine
transcription actlvlty 151 e two tissues. Althongh the average size of

interacting areas in &Q thT Ena)ram was comparable (183 kb and 159 kb,
respectively), dramaﬁ1 dgeenei w*re observed in their gene content and acfivity. In

foetal’ liver, 80% of 1 r éained one or more actively
transcribed genes, m fo L great majority (87%) showed no detectable

gene activity (Flgure 1 bin' is embedded in a very different
genomic environme; &G) Elslueb ad'am, where the locus is not active, it
primarily contacts W % Scl ted towards the centromere of
chromosome 7. ﬁ éhf é highly active, it interacts
preferentialty with ely tra.ns regions more prominently towards the

telomeric side of chrolno me a portantly, 4C technology identified both Uros and

Eraf, (~30Mb away ﬁlm:emﬁlmﬁn’w@&, with the active - globm locus
in fetal liver, in agresiez ﬂt&re ouﬂoﬁﬁrvaﬁons made by FISH (Osbome, C. S.
ef al. (2004) Nat Ge 71 0 I ingly, in brain were
observed with the two ot@:gmry’ recep(){%j gene clusters present on chromosome 7
that were located at eanuiL ¥ andatnd 3% away from, B-globin.
Nat 5 Cenet

Not all transcribed reans (1(3(4_18»115(7 Wﬁh the active B-globin locus in
foetal liver. “Thereft for a dr't@?mr shared exclusively by the
interacting loci but not gB:l‘j tegmns in fetal liver. The B-globin genes, Uros
and Eraf are a]l 3\4@‘1{ QQ& oo Whutated by the same set of
transcription factors, @dn 10@*&4(;’(1% |1dda $}@hese factors co-ordinate the
expression of their ﬂ% Igeilesv'reld nufe:f @mWe compared Affymetrix

expression array data er with that of foetal brain to identify genes
expressed preferentially (> old 'more) in foetal liver. As such, 28% of the active

- genes on chromosomp aée l:laﬁfmdtas <MD specific”, of which 25% were

found in a co-localisi@® buph- Thuls] fe @@ no@ryipighent of “foetal liver-specific”
handl ed as
descrivbed
bef ore

({ I "Nl o
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GAATGCCAGATA

GAI TCDTCATAC
genes in the oo—locaJM %lm;x{an@GA\n of 66 (74%) mwracung
regions did not comiﬂm@r@ﬂc: andggherefore concluded that our

data showed no evidﬁcém 3 J.! O.I-;x, ion of ti pecific genes in the
nuclear space. The B-jub'm es are franscribed at exceptional high rates and it was
]

next asked whether preferentially interacted with other regions of high
transcriptional achvlt%)é\l;ﬂé(-ﬂwsﬁﬁi;g‘ Esnes or areas with a high
density of active gen@[’EqE W{s as a measure for gene activity, we
performed a running umr:ﬁ Wxﬂ ;:scﬂpﬁonal activity within
200 kb regions arojmd Vel ed genes. This analysis revealed that
transeriptional activi MgemAQ not higher than around non-
interacting active gm@@&:@osm!ne SQ =10.867; Wilcoxon Rank sum).

visual i zed

usi ng
The genomic envimn@in gﬂaslzk%pne is largely conserved between the
2

soues software_ To
It was next investigmg thlg’;geg theym&elsse@sinﬁlady'in both tissues also
itches its g el 73 nm&ﬂmubiquimusly expressed gene that

tesides in a gens-denvq'lu%vf/mnsﬂy I keeping genes on ck 8. Both
in E14.5 foetal liver ‘pxil thLQFSéeée an, Tany of its direct neighbours are
active. 4C analysis vwas, performed and identified many long-range interactions with
loci up to 70 Mb avLylarﬁ Raé&; In%lﬂ)&nmacﬁong with Rad23A were
highly correlated betv@en 4k a.nﬁ]:g.n (+=0.73; Spearman’s Rank correlation)
{Figure 14a). A shar%l&.ﬁ of w'e t:c as aa.m that they contained actively
transcribed genes. W,(uhbah leS mlth 70% contained at least one active
gene (Figure '14b-c). Regions around $n eracZin% genes displayed statistically
significant higher levcgrof gez QﬂVﬂP t{m&.bie)&ﬁve genes elsewhere on the
chromosome, as detelfyER&Sy a running sum algorithm (p < 0.001 for both tissues).
Thus, unlike the B-glq(l:laclcuﬁttj faﬁt& g}ﬂhﬂt is located in a gene-rich region
preferentially imeracis'l ovei' dlﬁtance vtir}l;]other chromosomal regions of increased
transcriptional activity. I§was obsgved Yy & e chromosomal area containing

package

M/ vr dzwapgi

EXAMPLE 6

Doctri ~rt1 AN
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| denfi hi ng
nansl ocati on
br sakpoi nT,
Rad23A resides mostly #0he Hiz@G%) or outside (10%) its chromosome territory
(unpublished, D. Nodtd*!ﬂ:ersd’ Bmim@ Pombo and W. de Laat). However, the

4C analysis only m:tle@rar:ﬁxﬁ?ma ij jons and no area on chromosome

7, 10, 11, 12, 13 or 14 reproducibly met o ent criteria for interaction. Thus,
Rad23A is mostly muret{llasm'a- thmEsc%i interactions that are similar in two
very different ﬁssum&fp@l}Ai h@;@feﬂ{d @ighbouring loci on these unrelated
chromosomes, they fo rnfEmthaCI f@BxllyZnough to be detected under the
conditions used here fT-iC KE(II_ogy. ce | |

EXAMPLE 7 [ ne,

containing a

PCT/IB2608/000625

Validation of 4C t“h,fdéyévi hiﬁ—rs%rgfcmscopy

To validate the reths rolﬁxud&l' 4@ m.nllog,nryo-FISH experiments were
performed. Cryo—FIS;H zgrw&ﬁﬁ 859@)' technique, which has the
advantage over mmeb @tl’lmﬂls tflth étter preserves the nuclear ultra-

structure while oﬂ‘erinF'éJ oyjd' resolution in the z-axis by the Preparaﬁon of ultra-
thin cryo-sections (Branco, M. R. & Pombo, A (2006). PLoS Biol 4, e138). 4C data
were verified by meaguxeg-l:o\‘ E‘e@eﬁt Eglobin or Rad23A alleles (always n>250)
co-localised with mﬂ(e M\R%lem’d O @hBal regions in 200 nm ulira-thin
sections prepared froB ﬁ4.5 Tﬂ%minétﬁnﬁmﬂy, all interaction frequencies

measured by cryo-FIH wvere in eement with the 4C results (Figure 16). For

. example, distant rejmns i werd 1déntified to interact with B-globin by 4C

technology co-localis edQQeu'gxemQﬂn intervening areas not detected by 4C
(7.4% and 9.7%, versls p@sd 3é‘4r@a)cti_vely)< Also, the two distant olfactory
Tecepior gene clusterEITmed by 4C technology to interact with B-globin in foetal

brain but not liver sceln'ed c;aocalisaﬁon ﬁiuencie respectively of 12.9% and 7% in
brain, versus 3.6% and H 0] Qnrslimary, co-localisation frequencies

GR&L

measured for loci po§iti identified by 4C technology were all significantly higher

than frequencies mea@dd pe{kgtomd)si G-est). We concluded that 4C

technology falﬁxﬁﬂly\)%tiﬁeém’teg@g DNA loci. Finally, we used cryo-FISH to

demonstrate that loci idenﬁﬁe?to interact wit}ab-globin also frequently contacted each
pertor ned,

each
anal yzi ng

1 Nt oar art i ANne
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o captured

and captured
fragnents .
other. This was true fof 1@ V@admresdam\td h@arge chromosomal distance
- in foetal liver (Figure ?G ga}l T f?r ttlfﬁamﬁ f)R gene clusters far apart on the

WO 2008/084405 PCT/IB2008/000625

chromosome in brain 16). Interestingly, frequent contacts between these two
distant OR gene clusters also found m foetal liver, where they did not interact
with the OR gene clusbtuhﬁatklp @:lacniy transcribed B-globin locus. These
data indicated that nuﬂdﬂiine@:hns between distinct OR gene clusters were pot a
peculiarity of the foe‘al ésc &tle énﬁ’sedt 165 tegﬁng to speculate that such
spatial contacts facilitgte the unication between the many OR genes required to
ensure that only a sinﬁ all tmn[crgg;l:r qury neuron (Shykind, B. (2005)
srum Mol Genet 14 5 Sl B335t he :

HOXA9 gam of

Nuclear organisationg”n.aglirﬁ;ve chromatin domains
(Fig. 30D). :

The observations desw drmﬁﬁle Tatdoh(mly active, but also inactive
genomic regions fo istinct, regiops jn the nuclear space that involve many long-
range contacts, strongly suge_tn'ng ﬁﬁal:h%NA segment has its own preferred set
of interactions. Our [atﬁl&lst @anvhen the B-globin locus is switched on, it leaves
a transcriptional sﬂlanﬂd:@e d/imnment and enters a nuclear area where
~ interactions with acnc’eéyrmins ired. Tt is anticipated that such a dramatic
repositioning upon tanseri tional activation may well be a hallmark only of tissue-
b{aéxéjm&lon &3¢l and, more importantly, lie isolated
from other active gen¥s\bn ESear chromosome template, as is the case for B-globin.

Ttis proposed that ﬂ@ﬁs& pelrvpe d lonWe interactions that are identified
both between inacﬁvsaé qﬁ@ 1;Im ic Toci, reflects cell-to-cell differences
Y .

in chromosome conformatiohs more of d ™
during interphase Hﬁsﬁa@ @ w8005y Nar Rev Genet 6, 669-77 (2005).
Presumably, differedt &Sﬁtoi’ d@ptndcn@:ﬁ}aﬁfr cell division drive the active
genomic regions av?yaomvuﬁie ﬁ]t)m_aﬁpglren, N. et al. (2004) Cell 118,
555-66 (2004)) and ?)r%?_l::ﬁt;vxe:eﬁdaam 1oci-of similar chromatin composition are
stabilised mostly thro fies between chromatin-bound "proteins. Spatial
sequenci ng
appr oath

(fig. 34).

\AMdA + har of Ar

specific genes that r
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p/ 5/ p76lori
on 5 »
juxtaposition betwee@(iﬁt‘utms@ﬁ@onal, but may also simply be the

consequence of the tterns’ mosome. While individual loci can
RN oLl L
move within a resfricted nuclear tlolume the_general conformation of a chromosome

would largely be mmgmxmeg'tgoughm§ t!\e el Eycle and requiring cell division for

resetting. This idea i agreIm @ith Life cell imaging studies showing restricted

motion of tagged DI ingan )@y fxteri b ef al. (2002) Curr Biol 12,
el

439-45 (2002)) and Eﬁvé wxa extietjﬁvring that nuclear chromatin position

information is frequtlily propagafed during the cell division without being conserved
in the population of ! (Egea; N papllllollglll éll 16, 769-75 (2005); Gerlich, D.
etal. Cell 112, 51-6WUBHE  NOt

known. We
defined a

Proof-of-principle: 4E‘ arnogﬁxccumtely detects deletions in a patient sample
Fmerery fragment
| ocat ed Mo

The presence of a deletion present ig a leukaemia patient as revealed by 4C using a

target nucleotide seq yeé&é eit er[n QH-JA) or at 1.3 Mb (B) upstream (‘to the

left’) from the ﬁrstoaﬁ!intofnte tiathﬁions cause a reduction of DNA

interaction signals a@s%lei:q'm@; eldllso cause an increase in DNA:DNA

interaction ﬁequmciﬁ?r deefﬂﬁ‘twgtmam (‘at the right’) of the last
§a: [y obVious infera

breakpoint. This is parfici when inferactions with target nucleotide
sequence B are clusem)&gﬁmmeﬁz;). Based on 4C data primers
were designed on eag] sidf (etg BeledlNregion and breakpoint was identified by
sequencing: plain tex1 is ac{f:*(elupﬂ' of deletion, in bold indicated is an inserted
nucleotide, underlined is uence downstream of the deletion.

proBe

EXAMPLE ¢

eavpiee SIgnal s was
observed,
Proof-of-principle: 46@% ae:tg[el)i df‘f@ a balanced translocation in a
ient sample (Fi, 25).
paeneerre et Re del et ed
area (Fig
MO). Anh
i ncrease in
hyvhri A1 2a+ 1 A
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br eakpoi nt,

again
Proof of principle fosth @Woﬂgalmtwmtlocaﬁons Detection of t(1;7)
translocation  as d.esﬁ r R. Wrctg @t)od Vol 84, No 4 (August 15),

1994: pp 1232-123 eugcﬁ &de‘eéjnu:nces flank the TCRb locus on

chromosome 7, with presen DNA:DNA interactions with the
target sequence that G aemed s& ofthJ TMUJ locus, and the blue signals
representing DNA:-DRQighdfacfio@ ﬁg @{YEF) sequence that is located
downstream of the TfRSlom@ eeé:‘ed are the interacting DNA signals found on
chromosome 1. Top Tanel shows the theoretical signal distribution. The middle and
lower panel show the distribution. The bottom panel shows signals at a
resolution of md1v1dud i)rosly&l;l&elﬁs chromosome template. Note that in
case of a balanced trquqq:@on target nucleotide sequences flanking the breakpoint
will show a mutually. xilugﬁ%or s&imabDNA interaction signals that
directly border each other on of the locati.
partner chromosome. rl]()Sl n )re(lqmmt (desctibed in Burnett et al.,

1994) is indicated by ] 35 % Btrom?r%l

has not been

descri bed

Proof-of principle: B 2B ardty Beects an unbiatanced iransiocation i a

patient sample (Figur} .- ALL., The

EXAMPLE 11

’ I es '
Detection of unbalanced Iranslfc. tions. D« 1on of t(4;7) location as described
in (RJ Galjaard et a7 Aln T Mger% JOO?/[ug 30;121(2):168-73). Target

nucleotide sequences 1)2.6 wtcflaabmﬂ e ﬁekted interacting DNA signals

are located on chmmtsohee Two target sequences were used located upstream (57}
and downstream (3’) frbélﬁg ny{ Eiﬂosome 7. Interacting DNA signals
located on chromoso: d (for both target sequences in blue). The region
in between the clusila" MBNA fragments on chromosome 4 has been
deleted in this patient(CT apﬁmutﬁr @:d)mpaeﬁldmosome 4. Bottom panel 4C

data: signals at a 11. %Wonclva\‘btt mqe on chrcmst:me 4. Based :;n
e

these 4C data, the HindIIl striction,
translocation breakpoint }1 Lﬁ LJ usg nmap the breakpoint by sequencing.
: fragments.

were 6 kb
apart 1.5

AanAd | n~aant
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whil e LMD3
is normally
The sequence is prov@eﬁ af the i)otﬂn 0‘ ﬂ'ﬁ ﬁguAtvhere underlined sequence is
from chromosome 4,J>o.ld is ﬁ\a’!tb?theuritmd 4 and plain sequence is from
chromosome 7. Sa.rrp | es ’ t h e
eampez JE€NE is
hi ghl y
t;phi Iizggyh resolunoezg(rmmérsoébéacfed Fertafmc rearrangements by 4C
this If-ALL
Summary sanpl e (Fig.

Current techniques @s?x’y geneuThremn fail, or do mot accurately identify

1

balanced chromcsomﬂ r’e&BTgéx its \ locations) that freqt y

occur in the human can cause disease. Here we demonstrate that 4C

technology detects b aa&rlml:rsyns and translocations, as well as unbalanced
translocations and dFIARMRIRE [re@ution (-7 kilobases) allowing immedi
sequencing of the biakm 4itectglrfas used to characterize r&qrmngemems
underlying cougem an a. The LMO3 gene is identified as a
novel translocation parﬂlem m#tgene (TCRB) in T cell acuie
lymphoblastic leukenmatALL)LTmsﬂfs establish 4C technology as a powerful
new clinical resean:h a)vfe the accurate analysis of genomic rearrangements,
important for diagnosﬁ?f W p@g‘rjg Tn timately, optimal patient care.
Introduction been f Ound ’

Chromosomal reanﬁ&ent&lfel@(@ieﬂiﬁ@ions, inversions, translocations)
can be the cause of thBlegt tlieyd‘fﬁt gene expressjon due to gain

or loss of genes, cr of fusion-genes, or 1e) osmomng of transcription regulatory
0 DALT i

DNA elements. Rearran; me can give nse to congenital
defects, those in somgﬁssut ch Lulti ;r xmla. Following the completion of the
human genome semk)fm* pro_]fctf]n has now become a major task to characterize
structural variants i lhe as it is ingly clear that

f::;l: b]clilxtvyezlzst; c:lx:_s} @h\m}] est Bna g;ilﬂahonandcanbehnked with
y, LA103 was
recentty
found to act

N TN O AYrrmyry
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characterlze

Mi -based ive gf ic hybridization (array-CGH) is a widely used

h genomxcs b that can detect chromosomal amplifications or
deletions at a resolu[:cr)‘ne I;’ E M&gﬁ rlftn less. CGH relies on the
measurement of cl O copy pumber such as seen in deletions or
amplifications and th@mp’f‘p Ideefy @ﬁocaﬁons and inversions that occur
without loss or gain tf m;nglt own how frequently such balanced
events occur but they are esnmale o constil Q% of all structural variations

(7). At present their l:il:nﬁ:noMgely depands on cytogenetic approaches such as
chromosomal karyotyi»mn‘)(lu@ FA\St]le @ﬁv@tﬂge that they miss events (approx.

20%) and provide Iu‘tm*l] atluno 5 10 megabases). This necessitates
further, labour-int 515 genetic aberration underlying
the disease. Here, we nléﬁme@zt % %ﬁ:)rmauon Capture on Chip (4C)
technology (8) 1de1m@srl] ata

resolution (~ 7 kb, s@hfwmm*e clonmg and sequencing of the

strategy requires the usé of

RE p aa‘ g
a single microarray to me A1 refore is cost-effective.

Our initiat results WIM lhotveh ﬂp lloeaXer the folding of the chromatin and the
Jong-range mteracnq*@. aS@q ]une rlﬂ(:AI Wen close on the linear
chromosome template are ab ¢ efficiently, resulting in strong and
often even saturated Hbridizafion mg::::ﬁ bes within a region of at least 5-10 )
megabases suxmundug @&&etg{gence-r 'h}l‘ is& agreement with the idea that the
DNA segments loc@@(ca_ﬁ'pml aeexﬂlle Ghromatin fiber will interact more

frequently (9). L"calﬁ‘aatienﬁare Wapnﬁ(hnéh more efficiently than segments

megabases away that frequently loop to the target sequence (8). Random
capturing of resmcmgﬁe onstrated by the very low frequency
* of signals from prol 4 lrgh on u.m‘elated chromosomes Thus, 4C technology .
allows reconstrucmtg hvsrel mOmoscme templates around target

sequences and hen b identifying changes in these maps as
the result of genomlc d[jlé ﬁ ‘épr lﬁ é
ec nologles

(Soleg?a),
but may be

nmAdl fi ad + AN
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Materials & MethoasJ I gL C

Sample preparation nl | - r| ner

T-ALL patient sampk eﬁiy control T-cell samples were handled as described
previously (Vlierbel\j?g:t al. ukemia 20, 1245 (Jul, 2006); Simonis ef al., Nat

Gener 38, 1348 NovER 66 [P 1@V teinstormed cell fine derived from the PAP

PCT/IB2008/000625

 patient was cultured a‘a{udgjasraea@p;}fo@ ngMS et al., Nat Genet 38,

1348 (Nov, 2006); Gaﬁeic‘ é,rlﬂ}(ﬁﬁgt{tl?é 168 (Aug 30, 2003).
wcaman LT 1T T 00T AC

The 60 bp probes watQEEROGR {0 HE-G: HindIl sitc, using criteria
described previousty giact eanquaDNA sequences (Simonis ef

al., Nat Genet 38, 134§ 8 ﬁ)ﬁ)tl Tg be able to cover the entire genome with the
n_the mmb] j:]n microarray, a selection was made. Probe

400.000 probes that fr
numbers were first redu ofd l)y l:lg ofie ]FEIL ;Iar HindIlI fragment, instead of

one on each side. SedPfBY] pribes were sclected such that the spacing of probes was
sl posteqppegTRL | NG

4C analysis aa g cn

4C analysis was perfoln'é_l Q zsgnmdmvﬂusm fising the followmg primer
sequences: \M t h

5’-end of TCRB CATQAQQB\E&&ACCC CCTTGATGTTTCTCCCTTTACC

caagr agaagae
3"-end of TCRB TGT%@'&tTa‘@Ig\a&C g"a}TCCAGAACACTCACC

C (4,7) A%ECE%@%&Q CGTGATGCTATCTGCCA
entromeric tf

Telomeric #(4;7) TGIQ&KAGAICCA@;EWCGTGGAAAGCGAGTG
Deletion 9 CAATCCCAGATACATTCCTCATACAAATACTTTCCAAGACTGG
Ac Ut t agecetgi c
3 of TCRA GAATA@%E&TGATQC TTCCATGAGAGAAGTCTAG
Dp41- pri nmer
W th dtlapur:
aat gat aegged

aYalak~YaralaE-E-aYakaTal
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n. unber of
reads (one

lane): 1.9

4C data was \dsualizeﬂfuﬂ::@@mlMap software. To create whole chromosome view

pictures of the 4C tzga ,ﬁu&:bwnh a window size of 29 probes was
calculated using the R ?% r'www I-groject.org).
3% of the

Remicmnﬁa@emﬁi@qu@me IS .
10 pg of genomic DgAtwaFrT d.lgw lt Sl)li Ml with 10 U of an enzyme that

recognizes 6 bases (HindIIL Bgll fr ECfR.P]( C for 2 hours). Samples were
10

purified by phenol-c} on on and 1 precipitation. Subsequently,
samples were ligated M UQ’GLBS:: (Roche) for 4 hours at 16 °C and 30

minutes at 20 °C. p | nE r

S. EQUI rrees.
Ligated samples med lﬁ phenol-chloroform extraction and ethanol

precipitation.

anal ysi ng
A second digestion v@s h@rm$ \}'xtlr a ginchoﬂ_egyme that recognizes 4-bases
(c.g. Nlalll or DpnB algﬂetp ’m)ns as described for the 6-base

recognizing enzyme. Ezh gatmn was also as described above. Samples were
purified by phenol- d %ﬁﬁmmpmmon Selected fragments

were PCR amplified Ii'oln $o-@o ng of DNA, using the following conditions: 94 oC
for 3 minutes, foll 15| ds at 94 °C, 1 minute at 55 °C and 2
for 3 minutes, owi 8 & ’cycisl 1 @}can s af minute a an

minutes at 72 °C and fnﬁ' ﬁ:g g{ oil’ 7 U’xﬁtes at 72 °C.
junction and
conpari ng
Hentifying translocartzrhe@'ex 12
To test this, 4C tcchn ag(;g h %the ﬁlﬁ T-ALL cell line, containing
a reciprocal translocatmn tjs 7)p35:933) between cell receptor (TCRB) locus
on 7935 and the LC@loc 110) Two independent 4C experiments were
performed, each am‘ﬂai 1&%}5 @ith a different restriction fragment on
chromosome 7 locatqd ¢ Flﬂeraﬁe (If]file h‘gpnint in the TCRB locus and at a
all 1.2 bp
gener &t e

fragnents
+hat 1l anl/

Results
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distance of 462 kb an&@ tb, respectively. In both cases, strong hybridization signals

around the TCRB loce athrenh&eﬁtv&c *bfgva in a healthy control sample
and the HSB-2 samp! ontrol sample showed no, or background, signals on all
other chromosomes lg:lg A; fig. 33 contrast, the HSB-2 sample showed
additional very high sgﬁtspaanaﬁyils region on 1p35 (Fig. 30B).

These signals represe@&ejg?mon Ii'a@em.ﬂm c@mosome 1 captured by the two
fragments on chmmngTOSIfB 29nd.lca11f 6@ parts of these chromosomes
were brought in close hySfaﬁmxxmlé Thim (iivafs ric TCRB target sequence
on chromosome 7 cad’ed Q(I; ng the centromeric side of the
LCK gene on chmmofoxﬁ r m:tely, the most centromeric TCRB target sequence

captured fragments to@ﬂsdlﬁmgr@ ﬂ{o@(rifé}us is in agreement with the .

orientation of the t(17) oc: 0] the first restriction fragments
captured on chromosome 1 T both experjments difectly flank the previously identified
chromosomal bmakpo?h 1o tion breakpoints to a position in
between the pair of prbﬂb\‘)z( re&@n‘rs 1! C from non-captured to cap d

restriction fragments. 9 TOdse fﬂvg 4C experimems analyzing interactions with.

ll:volved mth: b:i:lag ngﬁi‘ %&d‘“ 'g:j:qb‘eakwmt on chromosome 1
bp

Identifying inversiansn oen 1 2 6 9

Next, we tested.-if 4 so identify inversions. We applied 4C technology to a-
pedriatic T-ALL patient sample that, based on FISH and microarray expression
studies, was suspecte Q g’@\@ome 7, inv(T)(p15935). This

abnormality leads to i 4 B&@ﬁe&e@ dthe TCRB locus into the HOXA gene cluster,
as was previously deg‘i&t f@%@&@ﬁl& é)t Again two experiments were
performed, using the ¢ set of TCRB- target fragments that identified the t(1;7)

ﬁove’ The two target sequences efficiently captured many
fragments covering még ,of D 4651.% of chromosome 7 around the
HOXA locus in the 2 9% sample only (Fig. 30C-D). Moreover, each target
sequence captured a distinct chromosomal region around the HOXA gene cluster,
indicating that the two fragments are linked to different parts of chromosome 7. The
most 3* TCRE target fragment captured the most 3’ HOX4 fragments, while the most

translocation. describe:
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Sl i nertdanne
5 TCRB target fragm@i blptured the most 5 HOX4 fragments, thus rovealing an
inversion between the '1'he|twe;ﬁtgﬁ'@1us d HOXA directly flank each
other, showing that thg inv was balanced and not accompamed by (extensive)
loss of HOXA sequences. 3e ‘two probes that mark the trapsition between nom-
captured and captured Me&l@&sﬁlﬂ?}f the breakpoint, which located

to a 6 kb region near eﬁ@@ gemye HOXA cluster (Fig. 30D). Confirmation

that this region mdeep'fmi“l int was obtained by sequencing, usmg a
restriction-fragment-p: - proach (fig. 34). We therefore conclude
that 4C tbchnology 1% iﬁsﬁhﬁz mncs approach that can detect
bal trans} and7 Dersi The lution provided by 4C technology

allows immediate clojfn&; g 5&.3»’%@(95 4C technology is thercfore the first
technique that can dettcttba.gxqedf;leﬁicfg at such high resolution.

enseatonof s

The potential of 4C 1@1@@1\'2 %r explozed by applying it to an EBV
transformed cell line ) from 2 ga Postaxial Polydactyly (PAP). PAP is
an autosomal dominant heritable disorder terized by extra ulnar of fibular digits.
The patient cells were ibisly characterized by karyotyping and FISH to contain an
unbalanced transtocdiblil iaew eMosLmts 4 @i 7 with a microdeletion,
1(457)(p15.2:635). Howdidr, 1p} Jimited resolution of FISH precluded & the

extent of the dele of the breakpoints (13). Two 4C

experiments were orm%l eac:Eii‘gtgj:ﬂchnAI Qte@cnons with a target fragment

located on another 51 rearranged part of chromosome 7, one of which being 4

megabases away ﬁt€n414%s1( b%g%(s( 210“1) In both experiments,

genomic fragments v@@?ﬂm‘e y onThromosome 7 but also on chromosome
31A 35

4, at 4pl15.2 (Fig. trast 10 what was found for the balanced
translocation, the ch:omoso & 4 Qn ts captured by the two target sequences dld
not directly nelghbodlcl;fmﬁm%e od bvaf located at position 17.28 Mb
(NCBI 36) and the (ﬁlﬂ%l fotnd at position 20.08Mb of chromosome 4, showing
that the t(4;7) location was acet ied by a 2.8Mb deletion on chromosome 4.

To verify that the transitions from cap d to non-captured restriction
indeed mark the positions of the breakpoints, the breakpoint that was least obvious
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(TCR4) locus. In —&L,

s Wen

mat ur ed
from the 4C data, Io&&ﬂm@m Boned and sequenced (Fig. 31B). This
confirmed the posiﬁo;atme)mmnt@t:htm@dm 4 at 20.08 Mb inside the gene

SLIT2 and revealed it was jth an intergenic sequence on chromosome
7 that was 4 Mb away fyom the targef sequence used to identify the breakpoint. This
shows that 4C QII0S QIR oxa fragments and identify
rearrangements even p}@&& bteaicp@lﬂ@ geversl megabases away. When 4C
analysis is directed totbﬁ e'ies ndaaToac bral?o'g, it can immediately identify
whether a translocation or inversion i anced or is accompanied by additional
rearrangements such as alge gtion (i-e. ced).

Fi gures 40
Identification of deler@pf d 4 1 B 5 I n
We ?ext invesﬁgale% Fﬁcﬁology fmhlgn’ufy a deletion that is not

d with & 4, we znal another pedriatric T-ALL
patient sample that, bmﬂm%mlw d a‘homozygous deletion of -
the p15/p16 loci on Sanromosoﬁxe 9p21. The exact size of the deletion and the actual
breakpoints were not "va‘fe _de@:ﬁ al ﬁ'iagrﬁm located ~2 Mb away from
one of the esﬁmated&rfaﬁims.e As ;{paed, a region lacking probe signals was
observed, demarcating the d€leted area (Fig31C). An increase in hybridization signals
for the region munemum‘vptleae be the'd% is observed in the patient
sample versus the h@l@m mlf 'nxgs_ because the region-is in closer

.. proximity on the linegﬁ'r‘plate ég 61?? fragment due to the deletion. Based on

the 4C data, PCR primers flanking the ~2Mb deleted region were designed that

a.llowed-ampliﬁcatio§ gr&ulg Qefgﬁms; sequencing of the PCR products

confirmed the posiichs lt@e 4 Gebibints BelRE the detetion Fig. 31D). We

conclude that 4C tefn*s‘]&e’ caewt l:eﬂozeﬁ deletions. Deletions reveal

themselves as regiong coptaing ybrié?io signals in combination with
SRS (AR

more downstream secﬁnces show incréased tion signals.

Uncharacterized pan}ntdz@ﬂt | f | e d

4C technology was aﬂﬂ.ﬁie the screening of uncharacterized T-ALL patient samples

for genetic rearrangements asgociated with the TCRB locus or the T-cell Receptor ¢
brun sog.ifl gnslocaﬁons frequently occur during

may be

furthet

i mproved:

1
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attempted VDI recoBbatbnldr 6 @rcr toci. Samples from ﬂve. T-ALL patients,

which were prevxous]e*ifa ﬂ)glem'ylanrf)f ﬂarecun'ent genetic abnormalities
associated with T—AL% were analyzed by 4C technology, using a
target sequence near ope near TCRA. None of the samples showed

rearrangements with &Q&m&:ﬂl (§ul nng)wn), and four out of five patient
samples also showed tm h@ang@@ @ith @Iﬁ? (figp6), which was subsequently

confirmed by FISH. ﬁtﬂ]curntea@te mdv showed a translocation between

TCRB and the p arm. of chmmosome 12 g 36) n addition, the patient was
found to carryalarge el t1 e lp hich was confirmed by an oligo-

arrayCGH experlmenm noal:Fmrl) al¥ dela;ﬁ is located ~3 Mb away from the
translocation breakp@g @b egmgoqn 4Cparget. sequences can identify
rear location #7;12)( q35;p123) bas not
been described before in L. The two probes on chromosome 12 that mark the
transition between c ﬁb xSaanJ‘ restx@l& fragments were 6 kb apart
and located just doﬁn&% @& Lim-domainonly gene LMO3. Restriction-

ﬁ*agment-paired—end-@exg’xe\rasiusb e dﬂﬁﬂil t]lat these probes demarcate the

region containing 1.h éﬂlkpomt_ Sequerﬁng of the breakpoints present on both
derivative chromosomes emo that chzomdsolne 12 was rearranged without
the loss of a single maasls,alye thlrﬁltlmﬂsome 7 was accompanied by
a deletion of almost 450@)[& TCRB sequerices (Fig. 32B). This deletion was possibly
due to deletion eve; i ithe d vDJ ination of the TCRB
locus. Both breakpoi.llllftss Eélumnj‘dﬂl ening basepairs of unknown origin (4 and
18 bp, respectively), l:mlgnay Q}{lsgt thpx[ndom nucleotides that are normally
also incorporated dur@ﬁJ &_om&@@ ﬂttr&s.ngl , the translocation positions
the enhancer of TCRR/Ht(b dorvmﬂlu{ ﬂalfll@,? gene (Fig. 32C), which is
comparable 10 its n TCRB Microarray expression data
showed that while LA%D:L nomm]ly offin -A L patient samples, the gene is highly

expressed in this T- ALI[LIm@ EF@- QI Tlle Q(Elm family members LMO-1 and
LMO-2, but not Lﬂ@oﬁmfmho@f lf}gfound as oncogenic translocation

partners of the TCR fcwé ALtI m:@;f LM(ﬁ was recently found to act as

an oncogene in neu.roblasto é 8@1& 4C technology applied to the screening of
uncharacterized patien @c aberrations led fo the dlscovery of a

sequence or

an sway of
probes or a

ent Nnf
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ligation the

previously und A ukBek 'ﬂ@itesiabdi@ LMO-3 as a putative new T-cell
oreogene. sequences;:

Conclusions ( g)
These data establish &mlloky ts yelﬁxgt] g)mmcs approach that can identify

balanced genetic abntn*al@s s@3:Qecipfl translocations and inversions. In
addition, it is clear Ith11 ﬁgiauology can identify homozygous deletions and
deleti logy may also identify

heterozygous mbalanggvgll b§99 tm clmxgecﬁu captured DNA copy numbers. A
major advantage of & e&.}&w& R ﬁs—en&fquencmg approaches (I3) or
even whole genome @WWcmg is that the identification of balanced
rearrangements does )1 gtcaptlar D? single sequence fragment that carries the
breakpoint; instead, C jec] es balanced rearrangements based on the
capture of many mJntg@ix ral Qabases across the breakpomt For
example, reciprocal trah@hmﬂ_ 5& identified based on the capture of many

fragments locating ot oa (ét chromosome by a target sequence located on
another chromosome. This es the txhnolo more robust than other approaches.

The resolution of 49 tghgo ogg
sequencing of the &eql LRRE @ was d d for four different
Tearrangements. Eve”@ipqqtgocaaitseveral megabases away from the target

sequence can easily. br gl&)§ ‘m is essentially identical to the average

size of the fragments cr y the restriction, enzyme. Using an enzyme that creates
smaller fragments she de @Q;du’uon of this technique. 4C

technology can be apﬂ.]iedeﬂ s&@ﬁf beltmsrsus gs blood cancer cells, solid
s, iy PRI RO (e s i o

be isolated (or culf d cen mtact DNA. We currently start with about 10
million cells, but t‘:s‘Emount mduced as we hybridize PCR amplified ligation
junctions originating bo){ b.E xl:ulm g&e‘aSqmvalen’ts Current 4C technology
requires selection ofta get&qu*(cﬂ@ Wrefme particularly suited for the
screening for remnWeméoéW[@d in a disease, such as the T
cell receptor genes in T-ALL o the Bregll receptar (BCR) heavy and light chain loci in
human lymphomas. ?010 k for the fine-mapping of poorly
t he ,
nucledtide
sequences

nf

ows the immediate cloning and
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Experimental desi -

This example is bascvd\"on nbof sgg-al high throughp i hrol
(Solexa), but may be G@dehs @ Sher ﬁtforms. In order to use Soiexa {(Iilumina)
sequencing for-the élyssealsee]ts, sequeﬁil_lg is directed to the ligation
junctions. Therefm-s:l'i'.llxﬁe PCR primers were designed for each target sequence

EXAMPLE 15

such that they are close.to p and sgcondary restriction enzyme recognition

© sites analysed. Here,QJe (Ls&lu &a-[mlerss ﬁgpnmers (18-mers) that each

overlap partially or Ri@ely S@ e ipBH@ (ind) and secondary (DpniD)
restriction enzyme e it U%eea]éed_ The Solexa adapter and sequence-
priming sequences weg gded as 5° (aeilhaﬁgsgto r.hi in(v)erse PCR primers (Fig. 38).

cor

Three target sequmca.(gliy) wekd Foected on human ck 7, respectively at
position 85, 105 and pw ag;ﬁna’w to amplify the fragments captured

by each of these baitsre_ ag)llows:\m ere | n
5 M the target
Dpnll-primer: atgtgaa‘a&e*c et t | | d e
Dprilprimer with i) PRATEE 3
rssesen sel ect ed

HindllI-primer: ccctgaaccicttgaag

HindllI-primer with teag;: catacga-cectgaaccictigaaget
gr oup
105 M consi sti ng

Dprll-primer: cggectccaatigtgatc
of = MEd,

ML, 15 MYC
BCL, BCR

ABLI, K,
IVl 1  TAILL
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Dprilprimer with shobe GRBA-BHBZ
sessntss TAB|E 2

i -primer: cit

Hind[Il-primer ::;niplzfo | | malamgctmgmgm
139 Mb: 3000f | 257150
Deriprimer: tisgsege e vy al U0
e e 39.102,0.1

Hindll-primer: agtcafbtongodoe, 1 O 1 7

Hindl-primer with adapters: 2 0

Each primer set (with adapters) was used in a separate PCR reaction; 3 PCR reactions
(using 200 ng of template per reaction) were performed under standard conditions
(described in Simonis e? al., Nature Methods 2007, vol.4, 895- 901) 4C template was
prepared from the HSB-2 T-ALL cell line, ining a iprocal Tocation
t(1;7)(p35;q35) t the T cell ptor-beta (TCRB) locus on 735 and the LCK

Jocus on 1p35 (Bumnett, R. C., et al, Blood 84, 1232-6 (1994)). PCR products are

shown in Figure 39.

Subsequently, the PCR reactions were pooled per primer set and purified over
A ham clean up col . The DNA concentration was measured and equal

amounts of material amplified by each primer set were mixed. This mix was analysed

by Solexa sequencing.
Solexa sequencing results
Total number of reads (one lane): 4.9 *1 0° sequences.

93 % of the sequences start with one of the expected primer sequences.

When analysing the first 12 basepairs (bp) across the Dpnil ligation junction and

comparing these 12 basepairs to a local datat ining all 12 bp
fragments that flank the relevant DpnlI sites in the genome (fe. those directly adjacent
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15. 3529

- 000. 700l ,
to a Hind[ site) we]ﬁ& @at: mx@d 12bp catch, 34% contain non-
unique 12bp catch, mgzg contalp B GpEE 13 P e )

Of all 4.9 *106 sequences 4/ co]n‘m.m§ :);AEA’muque catch, 32% contained
que- 20 B 5

primer + hardfore 66% ined an expected first 30 bp
sequence. 177831118 -
Per primer set the to 0911'7 127and of these sequences are as
et NB BIU0) ™ 258

$6 P50051 :

5. 315bi n- Chr

.7 130.1 M

413
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0. 61ebil -

Gy.7 125 0
anersetl(SSMb)Zlg PRLw251

|S 52292h3.

s - 0n1s2 21,125 G

lsz non- not
expected

. o%vrg 115. O

mmésgméo 05
7+000 061 7
735 Mb- COO. ?

Primer set 2 (105 Mb):

133 fmyty
2 L~

348°10° 547*10° 335410
12bp 12bpnon-  12bp non-

unique unique expected
caich. catch catch |
25 7 (28%) (45%) @1%)

23+10° 1.1 %10
different  different

30 catches catches
Primerset 3 (139 Mb):
Primerset3:
35 1.07 *10°

T

475%10°  3.10*10°  2.85*10°
12bp 12bpmon-  12bp non-

40 unique unique expected
catch catch catch
(“4%) (29%) @7%)
45 27*10°  14*10°
different different

caiches catches
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When captured seque%cs 5 at Eeu< ogoéomal positions, the data are
shown in Figures 40 QZFZ% cﬁo

1224Mo 251
In summary, the datagrovp a prosof @cxp@@iuluplex#Csequencmg For
each sequcncs, he ) 5 e PPRFA AR p e emined The

may be further improved:

1. Sequencing may be better directed to the HindIlI side (instead of the Dpnll
side); this prevents reading random ligation events that occurred during the

* second ligation step.
2. Using less frequent cutters (7- or 8-cutters instead of 6-cutters) would §
the ic di pured (¢ d) by each bait.

3. Using a restriction euzﬁ'me that does not digest repetitive DNA (or is relatively
under-represented in repetitive DNA) would increase the number of

interpretable reads.
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1. A method for aml T jon of a target nucleotide sequence
with one or more nucl g sequences g e o re genomic loci) comprising the

use of a nucleotide ce or lg 1set of probes or an array as

described herein. Ch?? NA V6]
1205

2. A method for ids NA DNA Interactions that are indicative of
a particular disease sf or ompnsmg the use of a nucleotide sequence
or an array of probes 01&1‘ aﬁ@ha@bed herein.

7 1183Nb

3. A method of d1 uf a disease or syndrome or carrier status
caused by or associate th a cl e in a DNA-DNA comprising the use of a

nucleotide sequence QaQA‘ay o?pl@g s;l-of probes or an array as described

herein.

4. An assay method for identifying one or more agents that modulate 2 DNA-DNA
interaction comprising the use of a nucleotide sequence or an array of probes or a set

of probes or an array as described herein.

5. A method for detecting the location of a breakpoint (eg. a translocation) comprising
the use of a nucleotide sequence or an array of probes or a set of probes or an array as

described herein.

6. A method for detecting the location of an inversion comprising the use of a
nucleotide sequence or an array of probes or a set of probes or an array as described

herein.

" 7. A method for detecting the location of a deletion comprising the use of 2 nucleotide

sequence or an array of probes or a set of probes or an array as described herein.
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2. A method for detQi_ug@)Sl@a'ﬁon of a duplication comprising the use of a
nucleotide sequence ogﬂa@sfyg)ss SWes or an array as described
- 1 758

9. A method for analQnttg fre%y of interaction of a target nucleotide sequence
with one or more nu@@c&_ @[?@0{ u‘irest (eg. one or more genomic loci)
comprising the steps of:

(a) providing 2 sampl:f tt QsﬂnQdQNAY :

(b) digesting the cross:loixﬁ‘smdﬂl ? rc5icﬁon enzyme;

{c) ligating the cross—lB&pd @c}oﬁde sequences;

_ (d) reversing the crosﬂ% 3 2 2 o 1 -

(e) optionally digesting-the pucieofige s ces gth a secondary restriction enzyme;
(f) optionally ligating the mmz:lt:otig1 seqegis‘,

(g) amplifying the o ore nucleotide sequences of interest that are ligated to the
target nucleotide sequence using at least two oligonucleotide primers, wherein each
primer hybridises to a known DNA sequence that flanks the nucleotide sequences of .
interest; .

(h) hybridising the amplified sequence(s) to an atray or sequencing the amplified
sequences; and

(i) determining the frequency of interaction between the DNA. sequen.ces.

FURTHER ASPECTS 2

still further aspects of the present invention are .set forth below in the numbered

. paragraphs.

1. A circularised nucleotide sequence comprising a first and a second nucleotide
sequence separated by primary restriction enzyme recognifion sites, wherein said first
nucleotide sequence is a target mucleotide sequence and said second nucleotide

sequence is obtainable by cross-linking genomic DNA.

139



262 Rat ak-

WO 2008/084405 PCT/IB2008/000625

20

25

30

CM 01223347

6+ 0001
2. The circularised nBE.EMO paragraph 1, wherein the tzrget
nucleotide sequence 1"31%111@111‘011* ing of a'p an
a silencer, an 11151!]1(0 regmn, a locus control region, a
transcription unit, m on, a’recombination hotspot, a translocation
breakpoint, a centrol a gene-d region, a gene-p region, a
Tepetitive element amp (vu@@%on site.

Pr oeci or pr ot

3. The circularised nucleotide seq h 1, wherein the target
Jeotid is a leotid that is iated with or causes a

disease, or is locatedlled M@ Ik 4 1HRID template from a loens that is
associated with or calaﬁ @east h e

airin
4. 'The circularised mcleoﬁde sea ogxx:m g to any of paragraphs 1-3, wherein

the target nucleotide S n. @Jd M)m the group consisting of: AMLI, MLL,
MYC, BCL, BCR, Abdlﬁtﬁh&, THENTAL, IMO2, TCRa/S, TCR and HOX
or other loci associ%eti Wsease@ﬁé% in “Catalogue of Unbalanced
Chromosome Aberrah in Man” 2nd edition. Albert Schinzel. Berlin: Walter de
Gruyter, 2001. ISB‘:@O 1607, 34 7 5

5. The circularised nM ke@eﬁce ﬂccoﬁmg to any of paragraphs 1-4 wherein
the primary restricuoﬁrz? nonl%e is a 6-8 bp recognition site, preferably
selected from the gntup cons of BrgIII HIVWII EcoRl, BamH], Spel, Pstl and

and
6. The circularised nﬁ'&o@@k@ﬂ@fﬂ;ﬁng tMy of the preceding paragraphs,
wherein the secor 1('3;?211 enzyme recognition site is a 4 or 5 bp nucleotide
Eapt uri ng
7. The circularised n@1Rfic@IBDS @Yo any of the proceing paragraphs,
wherein the seconda@ Wf Ufzyncaetoqmtﬁrﬁm: is located at greater than
about 350bp from the prmwg c%):ﬁlg e

295:

1306- 11,

Drissen It,

Dact an DI

sequence recognition
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8. The circularised m.deaiﬁe i:eq%ﬁogordin&)_ any of the preceding paragraphs,
wherein the nucleoﬁd:iieaﬁq:g'@wi d ,

9. A method for prepa/&n' a'circularised numtide sequence comprising the steps of:

PCT/B2008/000625

@ providing » ssmpidfofierfs i@ PO N| | S

m ing the cross.li ID'N’ i dgmaryT Setion enzym
esting CTOSS;! C a Te! on e;

) digesing the ot P AR T AN

(©) ligating the cross-1GBEd QS MO gl ces for circutarisation;
F.G (2004).hnked -
10. A method accordj ph 9y wherein the cross-li nucleotide sequence
is amplified using.P(i.;W meg.ia ﬁi ge -
‘ I'nl entetions
11. A method accordib @;tarm@)nvhmin the linked nucleotide seq
is amplified using inv'!sgg{u | at or , Vv
12. A method accor({ngeogﬁ!mgp@ § or gx[grgh 11, wherein the Expand Long
Template PCR Systenk (acdablib ksdd. € dto
stabilize an

&di e
chromatin
bull. Genes
& Dev. 18:
1495- 1509.
to

Spi |l i anaki s
a), Flavelt
RA. 2004.

Tong-range
i ntrachronus
umal

1 Nt oar art i ANne
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CLAIMS

1. A method for analysing the frequency of interaction of two or more target nucleotide
sequences with one or more nucleotide sequences of interest (eg. one or
more genomic loci) comprising the steps of:

(a) providing a sample of cross-linked DNA;

(b) digesting the cross-linked DNA with a primary restriction enzyme;

(c) ligating the cross-linked nucleotide sequences;

(d) reversing the cross Jinking;

(e) optionally digesting the nucleotide sequences with a secondary restriction enzyme;

(f) optionally ligating one or more DNA sequences of known nucleotide composition
to the availabie secondary restriction enzyme digestion site(s) that flank the ome or
more nucleotide sequences of interest;

(g) amplifying the one or more nucleotide sequences of interest using at Jeast two
oligonucleotide primers, wherein each primer hybridises to the DNA sequences that
flank the nucleotide sequences of interest using multiplex PCR;

(h) hybridising the amplified sequence(s) to an array and analyzing the ligation products
between target sequences and cross-linked sequences of interest by means of sequencing (eg.
high-throughput sequencing); and

(i) determining the frequency of interaction between the DNA sequences.

2. The method according to claim 1, wherein the ligation reaction in step (c) or (f)

results in the formation of DNA circles.
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3. The method according to any of the preceding claims for analysing the frequency of
interaction of two or more target nucleotide sequences with one or more nucleotide
sequences of interest, comprising the pooling of some or all of the PCR products obtained
for each of the target sequences in step (g) and subsequent simultaneous analysis of their

DNA interactions.

4. The method according to claim 3, wherein the two or more amplified sequences are

differentially labelled prior to pooling and analysis by hybridisation to an array.

5. The method according to claim 3 or claim 4, wherein the two or more amplified
sequences are identically labelled and analysed by hybridisation to an array when the

sequences reside on different chromosomes.

6. The method according to claim 3, wherein the two or more amplified sequences are
identically labelled when the sequences reside on the same chromosome at a distance

that is far enough for minimal overlap between DNA-DNA interaction signals.
7. The method according to any of the preceding claims, wherein high throughput
sequencing is used to analyse the ligation junctions formed between target sequences

and captured sequences of interest.

8. The method according to claim 7, wherein sequencing is directed to the ligation

junctions formed between target sequences and captured sequences of interest by the
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addition of adapter sequences required for sequencing to the ends of the amplified

sequences.

9. The method according to claim 8, wherein sequencing is directed to the ligation
junctions formed between target sequences and captured sequences of interest by the
addition of the complete, or part of the, adapter sequences required for sequencing as
5’overhangs to the oligonucleotide primers used to amplify the one or more nucleotide

sequences of interest.

10. The method according to claim 8, wherein sequencing is directed to the ligation
junctions formed between target sequences and captured sequences of interest by the
conjugation of a biotin substance or other moiety to the oligonucleotide primers used
to amplify the one or more nucleotide sequences of interest, followed by streptavidin

or otherwise mediated purification of the PCR amplified material.

11 The method according to any of claims 7 to 10, wherein sequencing is directed to the
ligation junctions between target sequences and captured sequences of interest by designing
the oligonucleotide primers used to amplify the one or more nucleotide
sequences of interest within 400, 300, 200, 150, 100, 90, 80 70,60, 50, 40, 30, 20, 10,
9. 8 7,6, 5 4, 3, 2, 1 nucleotides from the primary and/or secondary restriction
enzyme recognition site(s) analysed.

12. The method according to any of claims 7 to 10, wherein sequencing is directed to the
ligation junctions between target sequences and captured sequences of interest by designing
the oligonucleotide primers wused to amplify the one or more nucleotide
sequences of interest such that they partially or completely overlap with the primary

and/or secondary restriction enzyme recognition site analysed.
13. The method according to any of claims 7 to 12, wherein sequences are read across

the ligation junction such that when multiplexed or pooled PCR samples are analysed,

sufficient sequence information (eg. 12 nucleotides or more) is obtained on either side
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of the ligation junction to unambiguously identify each target séquence and each

captured sequence of interest.

14. The method according to any of the preceding claims, wherein the target
nucleotide sequence is selected from the group consisting of a genomic rearrangement,
promoter, an enhancer, a silencer, an insulator, a matrix attachment region, a Jocus
control region, a transcription unit, an origin of replication, a recombination hotspot, a
translocation breakpoint, a centromere, a telomere, a gene-dense region, a gene-poor

region, a repetitive element and a (viral) integration site.

15. The method according to any of the preceding claims, wherein the target
pucleotide sequence is a nucleotide sequence that is associated with or causes a
disease, or is located up to or greater than 15Mb on a linear DNA template from a

locus that is associated with or causes a disease.

16. The method according to any of the preceding claims, wherein the target
nucleotide sequence is selected from the group consisting of: AMLI, MLL, MYC, BCL,
BCR, ABLI, IGH, LYLI, TALl, TAL2, LMO2, TCRwé, TCRS and HOX or other loci

associated with disease.
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17. A method for identifying one or more DNA-DNA interactions that are indicative
of a particular disease state comprising the step of performing steps (a)-(i) of claims 1-16,
wherein in step (a) 2 sample of cross-linked DNA is provided from a diseased and
a non-diseased cell, and wherein a difference between the frequency of interaction
between the DNA sequences from the diseased and non-diseased cells indicates a
difference in the linear organisation of the chromosome templates (eg. a genomic

rearrangement) , which is indicative of a particular trait or disease state.

18. A method of diagnosis or prognosis of a disease or syndrome caused by or
associated with a change in a DNA-DNA interaction comprising the step of
performing steps (a)-(i) any of claims 1-16, wherein step (a) comprises providing a
sample of cross-linked DNA from a subject; and wherein step (i) comprises comparing
the frequency of interaction between the DNA sequences with that of an unaffected
control; wherein a difference between the value obtained from the control and the
value obtained from the subject is indicative that the subject is suffering from the
disease or syndrome or is indicative that the subject will suffer from the disease or

syndrome.
19. A method according to any preceding claim, for the detection of a balanced and/or

unbalanced  rearrangement, translocation, inversion, deletion, duplication or

insertion.
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